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(57) An optical information recording medium com- 
prising a substrate having concentric circular guide 
groove stores information that indicates a maximum re- 
cording linear velocity Vh. A phase change type SbTe 
recording layer is formed on the substrate having such 
a composition and thickness that a dislocation linear ve- 
locity V satisfies the relation V £ Vh x 0.85 in particular 
for a pulse modulation recording method. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a phase change type optical information recording medium capable of re- 
cording/reproducing information and capable of rewriting information, by generating a phase change in a recording 
layer material through the irradiation of a laser beam onto this recording medium. This invention particularly relates to 
a phase change type optical information recording medium capable of recording information at high speed. This in- 
vention further relates to a method of manufacturing the optical information recording medium according to the present 

10 invention, a method of and an apparatus for recording/reproducing optical information onto/from the optical information 
recording medium according to the present invention. 

BACKGROUND OF THE INVENTION 

is [0002] As one of optical information recording media capable of recording information ("recording 0 ), reproducing 
information ("reproducing"), and erasing information ("erasing") based on an irradiation of a laser beam, what is called 
a phase change type optical information recording medium has been known well. The phase change type optical 
information recording medium make use a phenomenon of phase transition between a crystalline and an amorphous 
phases or between the crystalline and the crystalline phases. Particularly, because of easiness in overwriting informa- 
nt* tion ("overwriting") by using a single laser beam, that is difficult to achieve in case of the optical magnetic recording, 
and because of a simple optical system of the apparatus used for recording/reproducing, the demand for the phase 
change type optical information recording medium has been increasing. As a result, CD-RWs, DVD-RWs, and 
DVD-RAMs have already been commercialized. 

[0003] In general, if more information is to be recorded at a faster speed, then it becomes necessary to develop 

25 recording media having higher density and higher linear velocity. 

[0004] Likewise, the linear velocity at which information can be recorded ("recording velocity" or "recording liner 
velocity") with an optical information recording apparatus has also been increasing day-by day. At present, maximum 
recording linear velocities of different media belonging to the CD family are as follows . In case the CD-R, the maximum 
recording linear velocity is twelve times faster than that of the CD. In case the CD-RW, the maximum recording linear 

30 velocity is ten times faster than that of the CD. Moreover, the recording liner velocity of the CD-RW has always been 
higher than that of the CD-RW. For example, when the CD-RW had the recording velocity that is four times faster than 
that of the CD, the CD-R had a recording velocity of eight, ten or twelve times faster than that of the CD. 
[0005] As a result, although a spindle, a semiconductor laser, and a control system that meet high recording velocity 
have been installed on the optical information recording apparatus, this optical information recording apparatus has 

35 recorded at a low velocity onto a CD-RW. This is mainly for the following reasons. The CD-RW stores information that 
indicates the standard recording linear velocity or the maximum recording linear velocity of the CD-RW. The optical 
information recording apparatus recognizes this information and then performs the recording based on a linear velocity 
that is in line with the read information. Therefore, it was not possible to achieve a higher recording velocity than the 
maximum recording linear velocity indicated by the information stored in the CD-RW. 

40 [0006] Furthermore, the CD-RW disk also stores information indicating the minimum recording linear velocity. Re- 
cording on the CD-RW is performed at a recording linear velocity that is determined in such a manner that the recording 
linear velocity is between the minimum and the maximum recording linear velocities. Consequently, it is difficult in the 
optical information recording apparatus to perform matching at high-velocity recording. Therefore, such matching has 
never been realized. 

45 [0007] In a phase change type optical information recording medium, usually, it is necessary to optimize a dislocation 
linear velocity of the medium so that it matches the recording linear velocity. 

[0008] The dislocation linear velocity is defined as follows. As shown in Rg. 18, the optical information recording 
medium is rotated at various linear velocities. A semiconductor laser beam is traces a guide groove formed on the 
optical information recording medium. Because of the irradiation of the laser beam, a material of a recording layer in 

so the optical information recording medium is heated to a melting point or above of that material. Reflectivity, i.e. the light 
intensity of the light reflected from the optical information recording medium, is measured. An example of the result of 
such a measurement are shown in Fig. 19. The linear velocity (shown by an arrow mark in Rg. 19) at which the 
reflectivity starts declining when the linear velocity is increased is called as the dislocation linear velocity. 
[0009] As disclosed in detail in Japanese Patent Application Laid-open Publication No. 11-115313, it is important to 

55 control the dislocation linear velocity of the phase change type optical information recording medium, in order to the 
maintain the quality. Further, it has been disclosed in this publication, that the optimum dislocation linear velocity at 
two times to four times the linear velocity of the CD-RW (i.e. 2.4 to 5.6 m/s) is 2.5 to 5.0 m/s. 
[0010] However, when the groove of the optical information recording medium has been narrowed, when the laser 
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beam wavelength has been decreased, and when NA (number of apertures) have been increased for the purpose of 
increasing the density, the thermal properties of the optical information recording medium change drastically. Therefore, 
in order to carry out recording onto a phase change type optical information recording medium in a high-density and 
high-linear velocity area like two or more times the linear velocity of the DVD and eight or more times the linear velocity 
5 of the CD, the following becomes necessary. That is, it becomes necessary to examine the material of the recording 
layer, the layer structure of the medium, and conditions under which the medium is manufactured once more, and 
redesign the dislocation linear velocity that satisfies the factors such as the recording linear velocity, track pitch of the 
guide groove, wavelength of the laser beam, and NA. 

[0011] Under the above circumstances, conventionally, the recording linear velocity of the CD-RW disk has been 
10 designed so as to be between the minimum and the maximum recording linear velocities. Moreover, the dislocation 
linear velocity is designed so as to be smaller than 0.85 times the maximum recording linear velocity. Thus, conven- 
tionally, it was not possible to increase the speed of recording. 

[001 2] As the material ("phase change recording material") for forming the recording layer in the optical information 
recording medium, there are materials like GeTe, GeTeSe, GeTeS, GeSeS, GeSeSb, GeAsSe, InTe, SeTe, SeAs, Ge- 

15 Te-(Sn, Au, Pd), GeTeSeSb, GeTeSb, and AglnSbTe. Particularly, AglnSbTe has high sensitivity and has clear outline 
at an amorphous portion, and has been developed as a recording layer for a mark edge recording (refer to Japanese 
Patent Application Laid-open Publication No. 3-231889, Japanese Patent Application Laid-open Publication No. 
4-191089, Japanese Patent Application Laid-open Publication No. 4-232779, Japanese Patent Application Laid-open 
Publication No. 4-267192, Japanese Patent Application Laid-open Publication No. 5-345478, and Japanese Patent 

20 Application Laid-open Publication No. 6-166266.) 

[0013] Japanese Patent Application Laid-open Publication No. 3-231889 discloses a recording layer that is ex- 
pressed by a general composition expression of a l-(lll 1 _ r V r )-VI 2 type, where I represents a I -group element, III repre- 
sents a Ill-group element, V represents a V-group element, and VI represents a Vl-group element. However, according 
to this recording layer, a repetitive recording characteristic is not always sufficiently satisfactory. 

25 [001 4] Further, in the recording layer used in the optical information recording medium disclosed in Japanese Patent 
Application Laid-open Publication No. 4-191089, an improvement in erasing ratio and a high-speed recording can be 
achieved. However, there was a problem, in the disclosed technology, that when recording is performed repeatedly 
the recording characteristic ("repetitive recording characteristic") gets degraded. Further, regarding an information re- 
cording medium disclosed in Japanese Patent Application Laid-open Publication No. 1-303643, it has been reported 

30 that it is possible to provide a medium having a high C/N ratio and repetitive recording characteristic and excellent 
preservation characteristic by employing a new crystalline structure. However, there is a drawback that the recording 
sensitivity and repetitive recording characteristic are not sufficient. 

[0015] The portion where no information is recorded (i.e. the portion that is crystalline) of the recording layer used 
in an information recording medium disclosed in Japanese Patent Application Laid-open Publication No. 4-232779 has 
35 a structure that a stable phase (AgSbTe^ and an amorphous phase existing around this stable phase coexist. There- 
fore, although the disclosed medium had improved repetitive recording characteristic, a boundary of fine crystals is 
generated around the crystalline portion that became a cause of an occurrence of noise. 

[0016] Existence of the boundary of fine crystals does not produce a seriously bad effect on the recording charac- 
teristic of an optical information recording medium that has a relatively low recording density like the CD-RW that uses 
40 a laser beam having a recording/reproduction wavelength of about 780 nm. However, the boundary of fine crystals 
becomes a hindrance in realizing a high-density recording of the DVD that uses a laser beam having a wavelength of 
680 nm or below and has a recording density of about four times that of the CD-RW or the DVD-RW that have higher 
densities. Moreover, the problem of the repetitive recording characteristic remains unsolved. 
[0017] A crystalline portion of the recording layer used in a recording medium disclosed in Japanese Patent Appli- 
es cation Laid-open Publication No. 4-2671 92 has a structure that a phase of AgSbTe2 isolated from a uniform amorphous 
phase and other phase (a stable phase or an amorphous phase) coexist. When other phase is an amorphous phase, 
a problem similar to that of the information recording medium disclosed in Japanese Patent Application Laid-open 
Publication No. 4-232779 occurs. On the other hand, when the other phase is a stable crystalline phase, there is a 
problem that it is not possible to obtain satisfactory recording characteristic, as described later. 
so [0018] The technologies disclosed in Japanese Patent Application Laid-open Publication No. 5-345478 and Japa- 
nese Patent Application Laid-open Publication No. 6-1 66268 have problems similarto those described above. Namely, 
in an optical information recording medium that has a phase change recording material of an AglnSbTe system or this 
system with an expanded lb group element, II lb group element, Vb group element, and the Vlb group element as a 
recording layer, there is no knowledge about a recording medium that prescribes coordination numbers of elements 
55 that constitute the recording layer. Therefore, there is no conventional techniques that make clear the roles of functions 
as a recording material of each constituent element. As a result, there is no detailed improvement carried out, based 
on a particular theory, in the repetitive recording characteristic of the AglnSbTe recording layer and information record- 
ing and erasing sensitivities. 
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[0019] Further, as phase change recording materials for forming the recording layer of the optical information re- 
cording medium, there are what are called chalcogen system alloy materials like GeTe, GeTeSn, GeTeS, GeSeS, 
GeSeSb, GeAsSe, InTe, SeTe, and SeAs, as disclosed in the specification of US Patent No. 3,530,441 . 
[0020] Further, for the purpose of improving stability and high-speed crystallization, there has been proposed a ma- 

s terial having a GeTe system that is added with Au (Japanese Patent Application Laid-open Publication No. 61 -21 9692), 
Sn and Au (Japanese Patent Application Laid-open Publication No. 61 -2701 90), and Pd (Japanese Patent Application 
Laid-open Publication No. 62-19490) respectively. Further, for the purpose of improving repetitive performance of re- 
cording/erasing, there have been proposed materials having specified composition ratios of GeTeSeSb, and GeTeSb 
(Japanese Patent Application Laid-open Publication No. 62-73438, and Japanese Patent Application Laid-open Pub- 

10 lication No. 63-228433). 

[0021 ] None of the above-described technologies has been able to satisfy all the characteristics required for a phase 
change type optical information recording medium. Particularly, there are important problems to be solved, such as 
the improvement in recording sensitivity and erasing sensitivity, the prevention of a reduction in an erasing ratio due 
to a remaining of a portion not erased at the time of an overwriting, and the increase in the life of a recorded portion 

is and an unrecorded portion. 

[0022] In the mean time, in Japanese Patent Application Laid-open Publication No. 63-251290, there has been pro- 
posed a recording medium that is equipped with a recording layer consisting of a multi-dimensional compound single 
layer having a crystalline state in substantially three or more dimensions. In this case, the multi-dimensional compound 
single layer having a crystalline state in substantially three or more dimensions is defined as a one that has a compound 

20 (for example, I^SbTe^ having a stoichiometric composition of three or more dimensions by 90 atom % or more in a 
recording layer. It has been disclosed that it is possible to improve the recording and erasing characteristics by using 
such a recording layer. However, this has a drawback in that the erasing ratio is small, and laser power required for 
erasing a recording has not yet been lowered sufficiently. 

[0023] Further, in Japanese Patent Application Laid-open Publication No. 1-277338, there has been proposed an 
25 optical information recording medium that has a recording layer consisting of an alloy of a composition as represented 
by (Sb a Te 1 . a ) 1 ^M y . Here, 0.4 £ a ^ 0.7, and Y <, 0.2, and M is at least one element selected from a group consisting 
of Ag, Al, As, Au, Bi, Cu, Ga, Ge, In, Pb, Pt, Se, Si, Sn, and Zn. The base of this system is Sb^T^. By adding Sb as 
a surplus, high-speed erasing and repetitive recording characteristic are improved. Moreover, by adding M, the high- 
speed erasing is further promoted. In addition, it has been disclosed that the erasing ratio due to a DC light is large. 
30 However, in this document, there is no description about the erasing ratio at the time of overwriting. Moreover, the 
recording sensitivity is insufficient. Inventors of the present invention carried out a study on the erasing ratio at the time 
of overwriting of the disclosed medium, and they found that non-erased portions were disadvantageous^ remaining. 
[0024] Japanese Patent Application Laid-open Publication No. 60-177446 discloses a recording layer that uses an 
alloy of (ln 1-x SbJ^yMy. Here, 0.55 <, x <, 0.80, and 0 £ y £ 0.20, and M is at least one element selected from a group 
35 consisting of Au, Ag, Cu, Pd, Pt, Al, Si, Ge, Ga, Sn, Te, Se, and Bi. Japanese Patent Application Laid-open Publication 
No. 63-228433 discloses a recording layer that uses an alloy of GeTeSbgTajSb (where Sb is surplus) . However, none 
of the disclosed media posses satisfactory sensitivity and erasing ratio characteristics. 

[0025] I n addition, Japanese Patent Application Laid-open Publication No. 4-1 63839 discloses an optical information 
recording medium in which a recording thin film is formed by including N in a TeGeSb alloy. Japanese Patent Application 

40 Laid-open Publication No. 4-521 88 discloses an optical information recording medium in which a recording thin film is 
formed by including at least one of components of a TeGeSe alloy as an a nitride in this alloy. Japanese Patent Appli- 
cation Laid-open Publication No. 4-52189 discloses an optical information recording medium in which a recording thin 
film is formed by making a TeGeSe alloy adsorb N. However, none of the disclosed optical information recording media 
posses satisfactory characteristics. 

45 [0026] As mentioned above, it is required in case of the conventional optical information recording media to solve 
important problems such as the improvement in the recording sensitivity and the erasing sensitivity, the prevention of 
a reduction in an erasing ratio due to a remaining of a non-erased portion at the time of an overwriting, and the increase 
in the life of a recorded portion and an unrecorded portion. 

[0027] I n the mean time, in recent years, along a rapid popularization of the CD, there has been developed a compact 
50 disk into which data can be written only once (i.e. the CD-R). Such CD-Rs have already appeared in the market. 
However, in case of the CD-R, it is not possible to edit once the data is written. Therefore, when there is an input error 
in this CD-R, this disk cannot be used, and it has to be abandoned. Consequently, there has been desired a rewritable 
compact disk that can solve ail these problems. 

[0028] As a result of researches and developments to obtain such a disk, there has been developed a rewritable 
55 compact disk that utilizes an optical magnetic disk. However, the optical magnetic disk has drawbacks in that it is 
difficult to overwrite and that it is difficult to obtain compatibility between the optical magnetic disk and the CD-ROM or 
the CD-R. Therefore, the phase change type optical information recording medium is being researched because it has 
an advantage in securing compatibility in principle. 
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[0029] As researches made into a rewritable compact disk that uses the phase change type optical information 
recording medium, there are examples that have been announced by Furuya and others in the lecture draft at the 
fourth phase change recording study symposium, 70 (1992), Jinno and others in the lecture draft at the fourth phase 
change recording study symposium, 76 (1992), Kawanishi and others in the lecture draft at the fourth phase change 

5 recording study symposium, 82 (1992), T. Handa and others in Jpn. J. AppL Phys., 32 (1993), Yoneda and others in 
the lecture draft at the fifth phase change recording study symposium, 9 (1993), andTominaga and others in the lecture 
draft at the fifth phase change recording study symposium, 5 (1 993). However, none of them have sufficiently satisfied 
a total performance including a securing of compatibility with the CD-ROM or the CD-R, recording and erasing per- 
formance, recording sensitivity, possible repetitive number of rewriting, number of reproduction, preservation stability, 

10 etc. These drawbacks are mainly due to a composition of recording materials and a tow erasing ratio attributable to a 
structure. 

[0030] Because of the above reasons, it has been expected to develop phase change recording materials that are 
suitable for high-sensitivity recording and erasing, and to develop a phase change type compact optical information 
recording medium having high performance and capable of rewriting. 

15 [0031] The present inventors have found and proposed that an AglnSbTe system recording material is the material 
that solves almost all the drawbacks. As representative examples of the publication by the present inventor there are: 
Japanese Patent Application Laid-open Publication No. 4-78031 , Japanese Patent Application Laid-open Publication 
No. 4-123551, H. Iwasaki and others in Jpn. J. Appl. Phys, 31 (1992) 461, Ide and others in the lecture draft at the 
third phase change recording study symposium, 1 02 (1 991 ), and H. Iwasaki and others in Jpn. J. Appl. Phys, 32 (1 993) 

20 5241 . 

[0032] The Orange Book part III (version 1 .0) was published in October 1 996 as a standard of a rewritable compact 
disk (CD-RW). As the Orange Book part III (version 1 .0) is a standard of a CD-RW two-time linear velocity recording 
(2.4 to 2.8 m/s), a recording time becomes too long based on this low linear velocity. Therefore, an advent of a high- 
speed recording rewritable compact disk has been expected. 
25 [0033] In the mean time, various kinds of recording compensation systems have been disclosed as systems for 
improving the quality of recording signals in the phase change type recording system. 

[0034] For example, Japanese Patent Application Laid-open Publication No. 63-266632 discloses, that a system for 
recording an amorphous mark by using a pulse string is effective in a PWM recording using a recording film having a 
high crystallization speed. 

30 [0035] Further, Japanese Patent Application Laid-open Publication No. 63-266633 and US Patent No. 51 50351 dis- 
close, that jitter Is improved by restricting a positional fluctuation of a mark edge, by increasing laser energy at the 
head or tail of a pulse string or by increasing an irradiation time. Further, as described in Japanese Patent Application 
Laid-open Publication No. 63-29336, there has been known a method of scanning while irradiating an optical spot like 
a laser beam onto an optical disk in an optical disk recording apparatus, and recording an information signal onto the 

35 optical disk by strongly or weakly modulating 

the optical spot like a laser beam with the information signal. There has also been known a method of reproducing an 
information signal recorded on an optical disk, and monitoring an amplitude of a reproduction signal and a length of a 
recording mark, thereby to adjust recording conditions like recording optical power and a width of a recording optical 
pulse in an optimum state, and set these conditions. 

40 [0036] Further, Japanese Patent Application Laid-open Publication No. 9-1 38946, Japanese Patent Application Laid- 
open Publication No. 9-138947, and Japanese Patent Application Laid-open Publication No. 9-21 9021 have disclosed 
the following. In the case of recording information onto an information recording medium according to a PWM recording 
system, a recording wave at the time of recording or rewriting a 0 signal having a signal width n x T after modulation 
(where T is a clock time) is a continuous electromagnetic wave having a power level e. Then, a recording wave pulse 

45 string at the time of recording or rewriting a 1 signal having a signal width n x T after modulation is an electromagnetic 
wave pulse string that has a pulse portion fp having a time width x and a power level 'a*, a multi-pulse portion mp in 
which a low-level pulse of a power level b having a time width T in total and a high-level pulse having a power level c 
alternately continue by (n - n 1 ) times in total at a duty ratio y, and a pulse portion op having a time width z and a power 
level d, where x, y, and z are in relationships of T x 0.5 <, x £ T x 2.0, 0.4 5 y ^ 0.6, and T x 0.5 <, z £ T, n* is a positive 

so integer of n' £ n, and a & c £ e £ b & d. 

[0037] Based on the conventional techniques, there have been substantial improvement in the quality of a recording 
signal and the stability at the time of repeating an overwriting, and improvement in reliability and general applicability. 
However, in recent years, a technique for making it possible to record at a plurality of linear velocities (a multi-speed 
recording) in one information recording medium has been required in a rewritable information recording medium, par- 

55 ticularry, in the phase change type optical information recording medium. 

[0038] Further, a high-speed recording has also been required, and a CAV recording that is advantageous in a high- 
speed recording has also been required. The technologies in the above-described Japanese Patent Application Laid- 
open Publication No. 9-138946, Japanese Patent Application Laid-open Publication No. 9-138947, and Japanese Pat- 
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ent Application Laid-open Publication No. 9-219021 have not been able to meet these technical requirements. For 
example, it has been tried to carry out a recording at an eight-time linear velocity and at a ten-time linear velocity 
respectively, based on the recording strategy having fp, mp, and op where it is possible to record at four times the 
linear velocity of the CD. In this case, it has not been possible to obtain sufficient signal quality in the recording at the 

5 eight-time linear velocity and at the ten-time linear velocity respectively. Furthermore, there has been a problem of 
degradation in the signal quality in the overwriting at a different recording linear velocity. For example, there has been 
a problem of degradation in the signal quality in the case of overwriting at ten times the linear velocity of the CD on a 
portion recorded at four times the linear velocity of the CD, and overwriting at four times the linear velocity of the CD 
on a portion recorded at ten times the linear velocity of the CD. Moreover, there has also been a problem of degradation 

io in the signal quality in the overwriting based on a different recording system, such as overwriting in a CAC recording 
at a CLV recorded portion, and an overwriting in a CLV recording at a CAV recorded portion. 

SUMMARY OF THE INVENTION 

is [0039] It is an object of the present invention to provide an optical information recording medium capable of recording 
at a high speed, and a method of and an apparatus for recording/reproducing optical information capable of recording 
at a high speed that can sufficiently exhibit the capability of the optical information recording medium. 
[0040] It is another object of this invention to provide an optical information recording medium that is excellent in a 
repetitive recording characteristic, recording and erasing sensitivities, and a preservation characteristic, and a method 

20 of manufacturing such optical information recording medium. 

[0041 ] It has been a conventional subject to obtain an optical inf ormation recording medium that can perfectly satisfy 
the above total performance, and can secure both a recording at a higher speed and preservation and using reliability 
at high temperatures. In addition, it has been a conventional subject to improve the stability of an overwriting signal 
quality in a multi-speed CLV recording and a CAV recording, and to make it possible to record based on a general- 

25 purpose recording strategy. 

[0042] In other words, it is still another object of this invention to provide an optical information recording medium 
that is optimum in recording and erasing at high linear velocity. It is still another object of this invention to provide an 
optical information recording medium that has satisfactory reliability in high-speed recording and erasing. It is stilt 
another object of this to provide an optical information recording medium capable of executing multi-speed CLV re- 

30 cording and CAV recording. 

[0043] The optical information recording medium according to one aspect of the present invention at least stores 
information that indicates a standard recording linear velocity Vr and/or a maximum recording linear velocity Vh. More- 
over, the optical information recording medium comprises a transparent substrate having a concentric circular guide 
groove or a spiral guide groove, the guide grove having land portions and groves portions; and at least a phase change 

35 type recording layer on the transparent substrate. When reflectivity of the optical information recording medium is 
measured, while irradiating energy on the guide groove such that the energy melts the material of the phase change 
type recording layer and while rotating the optical information recording medium and increasing a linear velocity of 
gradually, and when the linear velocity at which the reflectivity of the optical information recording medium decreases, 
in comparison to the state when the energy is not radiated, is defined as dislocation linear velocity V, then the dislocation 

40 linear velocity V satisfies a relation V £ Vr x 0.85 or V £ Vh x 0.85. 

[0044] The method of recording/reproducing optical inf ormation according to another aspect of the present invention 
includes following steps. That is, setting a phase change type of optical information recording medium to an optical 
information recording/reproducing apparatus, the optical information recording medium recording in advance specific 
information indicating that a dislocation linear velocity V corresponding to the optical information recording medium 

45 satisfies a specific relation; reproducing the specific information from the optical information recording medium; deciding 
from the specific information, whether it is possible or not to record at a recording linear velocity higher than a maximum 
recording linear velocity of the optical information recording medium; and recording and reproducing at a recording 
linear velocity higher than the maximum recording linear velocity, when it is decided in the deciding step that it is 
possible to record at a higher recording linear velocity than the maximum recording linear velocity. 

so [0045] The apparatus for recording/reproducing optical information according to still another aspect of the present 
invention comprises following units. That is, a specific information reproduction unit which reproduces a specific infor- 
mation from a phase change type of optical information recording medium, wherein the optical information recording 
medium recording in advance the specific information indicating that a dislocation linear velocity V corresponding to 
the optical information recording medium satisfies a specific relation; a deciding unit which decides from the specific 

55 information, whether it is possible or not to record at a recording linear velocity higher than a maximum recording linear 
velocity of the optical information recording medium; and a data reproduction/recording unit which reproduces or 
records at a linear velocity higher than the maximum recording linear velocity, when the deciding unit decides that it is 
possible to record at a higher recording linear velocity than the maximum recording linear velocity. 
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[0046] The optical information recording medium according to still another aspect of the present invention comprises 
a recording layer made from a phase change recording material that changes between an amorphous state and a 
crystalline state based on irradiation of an electromagnetic beam. The phase change recording material includes at 
least one element selected from Ag, In, Sb, and Te, and a bond coordination number of the selected element/s is 
5 different between an amorphous state after a film formation and a crystalline state after an initialization and after an 
information erasing. 

[0047] The method of recording/reproducing optical information according to still another aspect of the present in- 
vention is a method of recording/reproducing optical information into/from a phase change type optical information 
recording medium. The optical information recording medium comprises a recording layer made from a phase change 

10 recording material that changes between an amorphous state and a crystalline state based on irradiation of an elec- 
tromagnetic beam. The phase change recording material includes at least one element selected from Ag, In, Sb, and 
Te, and a bond coordination number of the selected element/s is different between an amorphous state after a film 
formation and a crystalline state after an initialization and after an information erasing. The recording layer is formed 
with an electric power between 250 W and 850 W while raising a temperature of a substrate at a constant rate between 

15 10°C/minand50°C/min. 

[0048] The optical information recording medium according to still another aspect of the present invention comprises 
a disk-shaped substrate; and at least a phase change type recording layer stacked on the substrate. The phase change 
type recording layer is made from material which includes Ge, Ga, Sb, and Te, and when a, p, y, and 5 represent atomic 
percentages of Ge, Ga, Sb, and Te, and a + p + y+8=100, then a, p, y, and 6 satisfy the relations 0.1 £ a ^ 7, 1 £ 0 

20 £9,61 <,y<, 75, and 22 £8 £30. 

[0049] As a result of carrying out investigations into a structure, particularly, a bond coordination number of each 
element in the phase change recording material consisting of Ag, In, Sb, and Te based on a result of X-ray analyses 
and electronic line analyses, it has been found that the characteristics of a recording medium change large depending 
on the coordinate number. 

25 [0050] In general, a compound that includes VI -b group elements like Te, Se, and S Is called a chabogenide. As the 
Vl-b group element is bonded in a coordination number of 2, this structure has large flexibility, and is easily vitrified 
based on freezing in liquid phase. Therefore, this has been widely used as a recording medium. On the other hand, 
the bond coordination number of In and Sb to Te is 3 simply based on the 8-N rule and the like, and a true bond 
coordination number has not been clear. Further, it has not been clear whether there is a difference in the bond coor- 

30 dination number of each element between a crystalline state and an amorphous state. 

[0051] However, in the case of a recording medium, ft is considered that a bond coordination number of each element 
that constitutes a recording medium has a large influence on the recording sensitivity as a disk characteristic, and the 
erasing sensitivity, the preservation characteristic and the repetition characteristic that are considered to be influenced 
by a crystallization temperature. 

35 [0052] In other words, according to a theory of Phillip's vitrification (J. C. Phillips: J., Non-Cryst, Solids 34 (1979) 
153), it is possible to achieve vitrification most easily when an average coordination number of a constituent element 
is 2.45. This shows that it is possible to achieve vitrification, in other words to perform recording, easily at this coordi- 
nation number. This coordination number may be taken as a standard to improve the recording sensitivity. 
[0053] Moreover, a large bond coordination number means that coordination e nergy is large. This leads to an increase 

40 in crystallization temperature, reduction in erasing sensitivity, and an improvement in the preservation characteristic 
for preventing a loss of a marie Further, depending on a bond coordination number, there is a possibility that a phase 
is separated into a mixed phase in stead of a single phase. It is considered that this may becomes a cause of degradation 
in the repetitive recording characteristic. When it is possible to control a bond coordination number of each element 
that constitutes a recording material, it is considered that it is possible to substantially improve the characteristic of the 

45 recording medium. 

[0054] As a result of detailed study, the present inventors have found that, in a recording medium that uses Ag, In, 
Sb, and Te as a material for forming a recording layer, the disk characteristic becomes extremely satisfactory respec- 
tively (1 ) when a bond coordination number of Ag and In to Te in an amorphous state is different from a bond coordination 
number of Ag and In to Te in a crystalline state, and when the bond coordination number in a crystalline state is larger, 
so (2) when, on the contrary, a bond coordination number of Sb to Te in an amorphous state is smaller, and (3) in these 
cases, when a structure has a single layer of an Nad type, and there are a large number of holes in the CI site occupied 
byTe. 

[0055] Particularly, it has been found that there is excellent disk characteristic respectively (a) when a bond coordi- 
nation number of Ag to Te in the amorphous state after a film formation is between 1 .5 and 2.5, an preferably between 
55 1 .7 and 2.2, (b) when a bond coordination number of In to Te in the amorphous state after a film formation is between 
3.0 and 3.8, and preferably between 3.4 and 3.7, and when a bond coordination number of In to Te in the crystalline 
state is between 3.4 and 4.2, and preferably between 3.5 and 3.8, and (c) when a bond coordination number of Sb to 
Te in the amorphous state is between 2.7 and 3.5, and preferably between 2.8 and 3.2, and when a bond coordination 
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number of Sb to Te in the crystalline state is between 2.0 and 2.8, and preferably between 2.4 and 2.6. 
[0056] Specifically, a composition of the phase change recording material (a recording layer) is set as Ag, In, Sb, 
and Te, considering a case when a bond coordination number of Ag to Te is 1 .8 in the amorphous state after a film 
formation, and 4.0 after an initial crystallization, when a bond coordination number of In to Te is 3.5 in the amorphous 
5 state after a film formation, and 3.7 after an initial crystallization, and when a bond coordination number of Sb to Te is 
3.0 in the amorphous state after a film formation, and 2.5 after an initial crystallization. 

[0057] As the coordination number of Ag is 1 .8 in the amorphous state after the film formation, Ag promotes the 
crystallization as a result of working in a direction to disconnect a random network. In other words, this facilitates the 
initial crystallization, and forms a porycrystalline state having uniform and fine crystal particles. As a result, the S/N 

10 ratio of a mark after a recording improves. Further, an average coordination number Z after an initial crystallization can 
be obtained easily from the above coordination number and composition. Thus, Z = 4 x 0.05 + 3.7 x 0.07 + 2.5 x 0.6 
+ 2.0 x 0.28 = 2.51 . This is extremely close to the average coordination number 2.45 at which it is possible to achieve 
vitrification most easily as suggested by the Phillip reference.. This means that it is possible to easily perform recording 
(vitrification) after an initial crystallization. In other words, the recording sensitivity is satisfactory. 

15 [0058] Further, a structure after the initial crystallization is in an NaCI type cubic single phase, and a vitrified state 
of a recording mark preserves a close distance order. Therefore, as it is possible to preserve this state without a phase 
separation, the repetitive recording characteristic is also extremely satisfactory. Further, as the coordination number 
after a recording holds the coordination number after an initial crystallization, Z = 2.51 is maintained. Further, the 
coordination number of Ag at which a network is considered to be disconnected is considered to maintain a value of 

20 four after a recording. Therefore, a crystallization of the mark does not proceed easily at a room temperature, and this 
leads to the improvement in preservation characteristic. Further, a large number of holes at the CI site that is occupied 
by Te in the NaCI structure are necessary for holding the NaCI structure in the composition ratio of a recording material. 
Based on this, the recording layer always holds a single layer without generating a phase separation. As a result, the 
recording layer has a satisfactory repetitive recording characteristic, and holds a stable phase. 

25 [0059] Furthermore, it is preferable that, at the time of forming a recording layer, the recording layer is formed by 
raising a temperature of a substrate at a rate between 1 0°C/min and 50°C/min, and preferably between 30°C/min and 
40°C/min. It is not clear at present why there arises a difference in the bond coordination number between the amor- 
phous state and the crystalline state according to this method. Further, while it is considered that the film formation 
rate also gives some influence to this bond coordination number, the reason is not clear yet. As one of potential reasons 

30 for this, it can be pointed out that a structure of a recording layer shifts from a close distance order to an intermediate 
distance order based on the increase in the temperature of a substrate during a film formation. Further, DC sputtering 
is more preferable to the Rf sputtering. 

[0060] Other objects and features of this invention will become apparent from the following description with reference 
to the accompanying drawings. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0061] Fig. 1 is a diagram showing an example of a structure of an optical information recording medium according 
to a first embodiment of the present invention. 
40 [0062] Fig. 2 is a diagram showing a dislocation linear velocity dependency of a two-recording jitter. 

[0063] Fig. 3 is a diagram showing examples of a recording pulse waveform according to the first embodiment. 
[0064] Fig. 4 is a diagram showing an example of recording and reproduction according to the first embodiment of 
the invention. 

[0065] Fig. 5 is a conceptual diagram of a recording pulse waveform of a phase change type recording medium 
45 provided with a recording layer according to a second embodiment of the invention. 

[0066] Fig. 6 is a cross-sectional diagram showing a structure of an optical information recording medium according 
to a third embodiment of the invention. 

[0067] Fig. 7 is an explanatory diagram of an X-ray diffraction spectrum, showing a result of a structural analysis of 
a recording layer of an optical information recording medium manufactured in an example 51 . 

so [0068] Fig. 8 is an explanatory diagram of an X-ray diffraction spectrum showing a result of a structural analysis of 
a recording layer of an optical information recording medium manufactured in an example 52. 
[0069] Fig. 9 is an explanatory diagram of an X-ray diffraction spectrum showing a result of a structural analysis of 
a recording layer of an optical information recording medium manufactured in an example 53. 
[0070] Fig. 1 0 is an explanatory diagram of an X-ray diffraction spectrum showing a result of a structural analysis of 

55 a recording layer of an optical information recording medium manufactured in an example 54. 

[0071] Fig. 1 1 is an explanatory diagram of an X-ray diffraction spectrum showing a result of a structural analysis of 

a recording layer of an optical information recording medium manufactured in an example 55. 

[0072] Fig. 12 is an explanatory diagram of an X-ray diffraction spectrum showing a result of a structural analysis of 
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a recording layer of an optical information recording medium manufactured in a comparative example 51 . 
[0073] Fig. 13 is an explanatory diagram of an X-ray diffraction spectrum showing a result of a structural analysis of 
a recording layer of an optical information recording medium manufactured in a comparative example 52. 
[0074] Fig. 14 is a diagram for explaining one example of an optical information recording medium according to a 
5 fourth embodiment of the invention. 

[0075] Fig. 15 is a diagram for explaining a recording pulse waveform. 

[0076] Fig. 1 6 is a diagram showing a recording waveform of a multi-speed recording at fourto ten times the recording 
velocity of a CD-RW as one example of the fourth embodiment. 

[0077] Fig. 1 7 is a diagram for explaining an example of a recording/reproducing apparatus of the optical information 
10 recording medium according to the fourth embodiment of the invention. 

[0078] Fig. 18 is an evaluation system diagram of a dislocation linear velocity. 

[0079] Fig. 19 is a diagram showing a result of an evaluation of a dislocation linear velocity. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 ~ ~* 

[0080] Embodiments of the optical information recording medium, method of manufacturing the optical information 
recording medium, method of and apparatus for recording/reproducing optical information onto/from the optical infor- 
mation recording medium will be explained below with reference to the accompanying drawings. 
[0081] Fig. 1 shows an example of a layer structure of the phase change type optical information recording medium 

20 according to the first embodiment of the present invention. As a basic structure, on a transparent substrate 1 having 
a guide groove, there are disposed the first protection layer 2, recording layer 3, second protection layer 4, reflection 
layer 6, overcoat layer 7, and preferably with the third protection layer 25. Further, there may be disposed the print 
layer 8 on the overcoat layer 7, and the re may be disposed the hard-coat layer on the other surface of the substrate 
1 . A single-plate disk or a transparent substrate may be adhered via the adhesive layer 10 to the print layer 8. If the 

25 single-plate disk or the transparent substrate is such that it is not provided with any print layer, then the print layer 8' 
may be formed on the other surface of this single-plate disk or the transparent substrate. 

[0082] The substrate 1 may be made from glass, ceramics or resin. However, from the viewpoint of the moldability 
and the cost, it is preferable to make the substrate 1 from resin. 

[0083] Examples of resins that may be used to make the substrate 1 are the polycarbonate resin, acrylic resin, epoxy 
30 resin, polystyrene resin, acrylonitrile-styrene copolymer resin, polyethylene resin, polypropylene resin, silicone resin, 
fluororesin, ABS resin, and the urethane resin. From the viewpoint of the moldability, optical characteristic, and the 
cost, the polycarbonate resin or the acrylic resin are most preferable. 

[0084] However, in the case of applying an optical information recording medium of the first embodiment to a rewri- 
table disk compatible with a DVD-ROM, it is desirable to meet a condition that a guide groove formed on the substrate 
35 1 has a width between 0.1 0 and 0.40 urn, and preferably between 0.15 and 0.30 urn, and has a depth between 1 5 and 
65 nm, and preferably between 25 and 50 nm. 

[0085] While there is no particular limitation on the thickness of the substrate 1 , thickness of 0.6 nm is preferable. 
Moreover, there is no particular limitation on the thickness of the disk after the adhesion, however, the thickness between 
1 .1 and 1 .3 mm is preferable. 

40 [0086] Further, in the case of applying an optical information recording medium of the first embodiment to a CD-RW, 
it is desirable to meet a condition that the guide groove has a width between 0.25 and 0.65 um, an preferably between 
0.30 and 0.55 urn, and has a depth between 25 and 65 nm, and preferably between 30 and 55 nm. While there is no 
particular limitation on the thickness of the substrate 1 , the thickness of 1 .2 nm is preferable. 
[0087] For the recording layer 3, it is preferable to use a phase change type recording material including Sb and Te 

45 that generate a phase change between the crystalline phase and the amorphous phase and that can take a stabilized 
state and a semi-stabilized state respectively, and a composition expression of which is Sb^Te 100 - % (40 £ x ^ 8 °. 
where % is atomic percentage), because of its satisfactory recording (amorphous) sensitivity/speed, erasing (crystalli- 
zation) sensitivity/speed, and erasing ratio respectively. 

[0088] When elements such as Ga, Ge, Ag, In, Bi, C, N, O, Si, and S are added to SbTe, it is possible to improve 
so the recording/erasing sensitivities, signal characteristic, and reliability. Thus, it is possible to control the characteristics 
of the optical information recording medium based on which elements are added ("added element" or "additive ele- 
ment") in what proportion. 

[0089] The proportion of the added element should be between 0.1 and 20 atomic percentage, and preferably be- 
tween 1 and 15 atomic percentage. When the proportion of the added element is as mentioned here, initialization can 
55 be performed satisfactorily. 

[0090] Depending on the composition ratio, a dislocation linear velocity of the above material changes, and an op- 
timum recording linear velocity is also different. Therefore, it is necessary to adjust a composition ratio of the material 
and control the dislocation linear velocity, based on a target recording linear velocity and a target linear velocity area. 
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The study of the present inventors showed that a composition ratio of Te has high correlation with a dislocation linear 
velocity. 

[0091] As the quality of the phase change type optical information recording medium used in the first embodiment, 
reproduction stability of a signal when it has been recorded in the high-density high linear velocity area, and the life 
5 (reliability) of the signal are required, as well as the recording/erasing capability. 

[0092] The above material is excellent for the recording layer 3 that can satisfy almost all the conditions. Particularly, 
a material expressed by the following composition expression is excellent in the reproduction stability and the life of 
the signal. Further, this material is preferable, as it is possible to execute the initialization satisfactorily: 

10 (Ag, Ge) a (In, Ga, Bi) p Sb T Te 5 , wherein 

(Ag, Ge) and (In, Ga, Bi) mean respectively that they include at least one kind of elements enclosed by the brackets, 
a, p, y, and 5 represent atomic percentages respectively. Hie atomic percentages a, p, y, and 5 satisfy the following 
relationship: 0.1 <, a Z 7, 1 <, p < 15, 61 < y £ 85, and 20 <> 5 <> 30. 

15 [0093] Further, a material having a cubic lattice crystal structure of anisotropic crystal structure in an un-recorded 
state after the initialization, preferably, the NaCI type crystal structure, can generate a phase change having small 
variation with an amorphous phase that is similarly considered to be highly isotropic. This material is preferable as this 
can perform recording (transformation to amorphous state) and erasing (transformation to crystalline state) uniformly 
at a high speed. 

20 [0094] It is desirable that the recording layer 3 has a thickness between 1 0 and 50 nm, and preferably between 12 
and 30 nm. Further, considering the initial characteristic such as jitter, overwriting characteristic, and the mass-pro- 
duction efficiency, it is preferable that the recording layer 3 has a thickness between 14 and 25 nm. If the recording 
layer 3 is thicker than 10 nm, the light absorptance is improved, and the characteristic of the recording layer 3 are 
improved. If the recording layer 3 is thinner than 50 nm, it becomes possible to generate a uniform phase change even 

25 at a high speed. 

[0095] This recording layer 3 can be formed using any of the conventionally known vapor deposition methods. Ex- 
amples of such methods are the vacuum deposition method, sputtering method, plasma CVD method, optical CVD 
method, ion-plating method, and the electronic beam deposition method. Among others, the sputtering method is ex- 
cellent from a viewpoint of mass-production efficiency and film quality. 

30 [0096] The first protection layer 2 and the second protection layer 4 may be formed from material such as metal 
oxides like SiO, Si0 2 , ZnO, Sn0 2 , Al 2 0 3 , Ti0 2l ln 2 0 3 , MgO, and Zr0 2 , nitrides like SI3N4, AIN, TIN, BN, and ZrN, a 
sulfide like ZnS, In^, and TaS 4 , carbides like SiC, TaC, B 4 C, WC, TIC, and ZrC, and diamond carbon. It should be 
notated that the material listed here may be used singularly or in combination. Moreover, if required, an impurity may 
be added. However, it is necessary that the melting point of the first protection layer 2 and the second protection layer 

35 4 is higher than that of the recording layer 3. 

[0097] The first protection layer 2 and the second protection layer 4 can be formed using any of the conventionally 
known vapor deposition methods. Examples of such methods are the vacuum deposition method, sputtering method, 
plasma CVD method, optical CVD method, ion-plating method, and electronic beam deposition method. Among others, 
the sputtering method is excellent from a viewpoint of mass-production efficiency and film quality. 

40 [0098] The thickness of the first protection layer 1 produces large influence on the reflectivity, modulation level, and 
the recording sensitivity. In order to obtain a satisfactory signal characteristic, it is required that the thickness of the 
first protection layer 2 should be between 60 and 1 20 m. It is desirable that the second protection layer 4 has a thickness 
between 5 and 45 nm, and preferably between 7 and 40 nm. If the second protection layer 4 is thicker than 5 nm, then 
it functions as a perfect heat-resisting protection layer, and thereby the recording density is improved. On the other 

45 hand, if the second protection layer 4 is thinner 45 nm, the interface separation does not occur so easily, and the 
repetitive recording performance is also improved. 

[0099] The reflection layer 6 is possibly made from metals like Al, Au, Ag, Cu, Ta, Ti, and W, or an alloy that includes 
these elements. For improving corrosion-proof characteristic, and thermal conductivity, element like Cr, Si, or Pd may 
be added to the above mentioned metals. It is preferable that the elements listed here are added in a proportion between 

50 o.3 and 2 atomic percentage. If the proportion in which these elements are added is greaterthan 0.3 atomic percentage, 
then the corrosion-proof characteristic are improved. On the other hand, if proportion is smaller than 2 atomic percent- 
age, the thermal conductivity is improved, and it becomes easy to form the amorphous state. 
[0100] The reflection layer 6 can be formed using the any conventionally know vapor deposition method. Examples 
of such methods are the vacuum deposition method, sputtering method, plasma CVD method, optical CVD method, 

55 ion-plating method, and the electronic beam deposition method. 

[0101] It is desirable that the reflection layer 6 has a thickness between 50 and 200 nm, and preferably between 70 
and 1 60 nm. The reflection layer 6 may have a multi-layer structure. If the reflection layer 6 has the multi-layer structure, 
each layer of the multi-layer structure needs to have a thickness of at least 1 0 nm. Moreover, it is desirable that a total 
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thickness of such multi-layer reflection layer 6 to be between 50 and 160 nm. 

[0102] The overcoat layer 7 is formed on the reflection layer 6 in order to prevent the reflection layer 6 from being 
oxidized. As the overcoat layer 7, an ultraviolet-ray-cured resin manufactured by spin coating is general. It is desirable 
that the overcoat layer 7 has a thickness between 3 and 15 urn If the overcoat layer 7 is thicker than 3 urn, then signal 
5 error does not occur even if the print layer 8 is disposed above the overcoat layer 7. On the other hand, if the overcoat 
layer 7 is thinner than 1 5 u/n, then the internal stress is reduced whereby the mechanical characteristic of the disk are 
not affected. 

[0103] As the hard-coat layer 9, an ultraviolet-ray-cured resin manufactured by spin coating is general. It is desirable 
that the hard-coat layer 9 has a thickness between 2 and 6 urn. If the hard-coat layer 9 is thicker than 2 urn, then 
10 sufficient friction damage-proof characteristic can be obtained. If the hard-coat layer 9 is thinner than 6 ujti, then the 
internal stress is reduced whereby the mechanical characteristic of the disk are not affected. The hard-coat layer 9 
should be harder to the extent that is not hurt when the layer is rubbed with cloth. For example, the hard-coat layer 9 
should be harder than H on the hardness scale for pencils. 

[0104] It may be effective to mix a conductive material into the material of the hard-coat layer 9. By mixing such 
'5 material it is possible prevent the hard-coat layer 9 from getting charged and thereby preventing dust from getting 
adhered to the hard-coat layer 9. 

[0105] The print layer 8 has been provided to protect the underplaying layer from getting damaged due to friction. 
Moreover, a label may or the brand name of the manufacturer may be printed on the print layer 8. Moreover, an ink 
reception layer for an Inkjet printer may be formed on the print layer 8. It is general that the print layer is formed from 

20 an ultraviolet-ray-cured resin using the screen printing method. 

[0106] It is desirable that the print layer 8 has a thickness between 3 and 50 ujti. If the print layer 8 Is thicker than 3 
ujti, then variation are not generated at the time of formation of the layer. If the print layer 8 is thinner than 50 ujti, then 
the internal stress is reduced whereby the mechanical characteristic of the disk are not affected. 
[0107] The adhesive layer 10 may be made from the ultraviolet-ray-cured resin, hot-melt adhesive, and the silicone 

25 resin. The adhesive layer 1 0 is formed on the overcoat layer 7 or the print layer 8 using the spin coating method, roll 
coating method, or the screen printing method, depending upon the material with which the later is to be formed. The 
disk of the other side may be adhered to the adhesive layer 1 0 by irradiating the surface with ultraviolet rays, or heating, 
or pressing. 

[0108] The disk of the other side may be a single-plate disk or just a transparent substrate. When this disk is to be 
30 adhered to the adhesive layer 1 0, an adhesive may or may not be coated on the surface of the disk that is to be adhered 
to the adhesive layer 10. Moreover, the adhesive layer 10 may be an adhesive sheet. 

[0109] There is no particular limitation on the thickness of the adhesive layer 10. However, it is preferable that the 
adhesive layer 1 0 has a thickness between 5 and 1 00 urn, considering the easiness of coating the material, curability, 
and influence to a mechanical characteristic of the disk. 

35 [01 10] There is no particular limitation on where the adhesive layer 1 0 is formed. However, in the case of applying 
this to a rewritable disk having compatibility with a DVD and/or a CD, in order to achieve a high-speed recording of the 
first embodiment, it is desirable that the adhesive layer 10 is formed in a region between 15 to 40 mm from the inner 
periphery, and preferably between 1 5 to 30 mm from the inner periphery, for securing the adhesive strength. 
[01 1 1 ] The third protection layer 5 may be provided in between each of the transparent substrate 1 , first protection 

40 layer 2, recording layer 3, second protection layer 4, reflection layer 6, overcoat layer 7, print layer 8, and the adhesive 
layer 10. The third protection layer 5 is provided in order to improve adhesion between the corresponding layers, 
preventing chemical reaction between the corresponding, adjusting the optical characteristic, and adjusting the thermal 
property. It should be noted that, the third protection layer 5 in between the second protection layer 4 and the reflection 
layer 6 has only been shown in Fig. 1 . 

45 [01 12] Particularly, if the third protection layer 5 is formed in between the second protection layer 4 and the reflection 
layer 6, it is desirable that the layer is formed using at least one substance selected from a group consisting of C, Si, 
SiC, SiN, SiO, and Si0 2 . 

[01 1 3] It is desirable that the third protection layer 5 has a thickness between 1 and 40 nm, and preferably between 
2 and 30 nm. If the third protection layer 5 is thicker than 1 nm, then it easier to form the stable interface layer. On the 
so other hand, if the third protection layer 5 is thinner than 40 nm, then the interface separation does not occur so easily, 
whereby the inter-layer adhesion is improved. 

[01 14] The third protection layer 5 may be formed using any of the conventionally known vapor deposition methods. 
Examples of such methods are the vacuum deposition method, sputtering method, plasma CVD method, optical CVD 
method, ion-plating method, and the electronic beam deposition method. Particularly, considering a mass-production 
55 efficiency, the DC-sputtering method is desirable as it is possible to utilize a general-purpose sputtering apparatus. 
[01 15] In order to carry out a mass production of the optical inf ormation recording medium in good quality that meets 
a high linear velocity according to the first embodiment, it is necessary to adjust the dislocation linear velocity as it is 
required to take a large margin of a recording linear velocity. 



11 



EP 1 193 696 A2 

[01 1 6] The dislocation linear velocity is influenced by the thermal property, and is different depending on a track pitch 
of the optical information recording medium, wavelength of the laser beam, NA, and laser power. In the case of a phase 
change type optical information recording medium having a track pitch between 0.2 and 1 .4 um, it has been found that 
it is important to set the dislocation linear velocity to 6 to 24 m/s when a DC irradiation has been carried out by focusing 

s a semiconductor laser beam to a groove or a land of the guide groove. 

[01 17] When the dislocation linear velocity is higher than 6 m/s, it is possible to achieve the recording in a high linear 
velocity area like two or more times the linear velocity of the DVD (7.0 m/s) or eight or more times the linear velocity 
of the CD (9.6 to 1 1 .2 m/s). On the other hand, when the dislocation linear velocity is slower than 24 m/s, the recording 
sensitivity in an area of a recording linear velocity suitable for recording is not lowered so easily, whereby it becomes 

10 possible to execute recording in good quality based on a pulse strategy to be described later. 

[0118] In general, in the case of overwriting on a phase change type optical information recordingmedium, there is 
observed such a phenomenon that jitter increases at the time of overwriting two times, jitter decreases at the time of 
overwriting three or more times, and jitter is stabilized after overwriting for ten or more times. Since the object of the 
first embodiment is to achieve high-speed recording, the above mentioned phenomenon becomes sever. Therefore, 

15 amount of jitter at the time of recording two times is practically the most important factor in the phase change type 
optical information recording medium that decided the quality. 

[0119] Fig. 2 shows jitter when recording is carried out two times using recording power and a recording strategy 
that the jitter at the time of recording two times becomes smaller than the jitter at the time of recording 1 ,000 times. 
Phase change type optical information recording media having different dislocation linear velocities were used for the 

20 study. These optical information recording media were manufactured by using a substrate that has information that a 
minimum recording linear velocity is four times (i.e. 4.8 m/s) the speed of the CD ("CD four-time speed") and a maximum 
recording linear velocity is ten times (i.e. 12.0 m/s) the speed of the CD ("CD ten-time speed") . The jitter is a value at 
the time of reproducing at one times the speed of the CD. The value of 35 ns (nanosecond) corresponds to the jitter 
for the speed of CD and this value satisfies the standard. 

25 [0120] It can be understood from Fig. 2, that basically the dislocation linear velocity at which jitter becomes small 
when the recording linear velocity is four times the speed of a CD and ten times the speed of a CD respectively is 12 m/s. 
[0121] However, the commercially available CD-RW recording medium that has the minimum recording linear velocity 
as the CD four-time speed and the maximum recording linear velocity as the CD ten-time speed has the dislocation 
linear velocity of 9 m/s. This dislocation linear velocity is about 0.75 times the maximum recording linear velocity, and 

30 it is matched with the minimum recording linear velocity , i.e. CD four-time speed. In other words, the dislocation linear 
velocity of the commercially available CD-RW recording medium does not match with the maximum recording linear 
velocity, i.e. CD ten-time speed. 

[0122] In order to make it possible to achieve a higher-speed recording which is the object of the first embodiment, 
particularly in order for a user to sense a high speed, it is necessary to realize a recording linear velocity that is 20% 
35 or higherthan the maximum recording linear velocity of the CD ten-time speed (that is, 14.4 m/s). In order to suppress 
the jitter to 35 ns or below as the standard, it can be understood from Fig. 2 that the dislocation linear velocity should 
be 9.5 m/s or above. In other words, the dislocation linear velocity should be 0.8 times the maximum recording linear 
velocity or above. 

[0123] Also it can be understood from Fig. 2, that if recording is to be performed at still higher speed, such as, for 
40 example, CD sixteen-time speed (i.e. 1 9.2 m/s), CD twenty-time speed (i.e. 24 m/s), or CD twenty-four time speed (i. 
e. 28.8 m/s), the dislocation linear velocity should respectively be 12, 16, or 19 m/s or above. 
[01 24] Moreover, it can be understood from Fig. 2, that in order to have the jitter suppressed to 35 ns or below even 
at the recording at the minimum recording linear velocity 4.8 m/s, it is necessary that the dislocation linear velocity is 
below 25 m/s. In other words, a linear velocity that is approximately two times or less than the maximum recording 
45 linear velocity becomes an upper limit of the recording linear velocity at which it is possible to execute a recording. 
[0125] In the above explanation, a CD-RW recording medium has been taken as an example. In the case of other 
phase change type optical information recording medium, in order to realize a higher-speed recording, it is desirable 
that the dislocation linear velocity is set to a speed at least 0.8 times the maximum recording linear velocity of the 
recording medium, preferably, 0.85 times or above, or more preferably, 0.9 times or above. 
so [0126] The CD-RW recording medium having various kinds of dislocation linear velocities shown in Fig. 2 has been 
manufactured by suitably selecting the composition and thickness of the recording layer 3, selecting impurity to be 
mixed in the recording layer 3, the material of the reflection layer 6, composition of the dielectric material, and the 
conditions of the initialization process. 

[0127] It is possible to adjust the dislocation linear velocity by changing the composition and thickness of each con- 
55 stituent layer, and the processing condition. 

[0128] For example, the dislocation linear velocity can be decreased by increasing the proportion of Ag and Ge in 
the material for forming the recording layer 3. On the other hand, the dislocation linear velocity can be increased by 
decreasing the proportion of In and Ga in the material for forming the recording layer 3. Similarly, the dislocation linear 



12 



EP1 193696A2 

velocity can be decreased by increasing the thickness of the recording layer 3. On the other hand, the dislocation linear 
velocity can be increased by decreasing the thickness of the recording layer 3. 

[01 29] Moreover, the dislocation linear velocity can be decreased by increasing the thermal conductivity of the second 
protection layer 4 and the reflection layer 6. On the other hand, the dislocation linear velocity can be increased by 

5 decreasing the thermal conductivity of the second protection layer 4 and the reflection layer 6. 

[0130] Regarding processing conditions, when the recording layer 3, first protection layer 2, second protection layer 
4, and the third protection layer 5 are formed using the sputtering method, the dislocation linear velocity decreased by 
lowering the temperature of the substrate to be input. On the other hand, the dislocation linear velocity can be increased 
by raising the temperature of the substrate to be input. 

10 [0131] Furthermore, the dislocation linear velocity decreased by adding gasses such as N 2 and 0 2 as coexisting 
gases to Ar at the time of the sputtering. In this case, the dislocation linear velocity becomes fast at an initial stage of 
the target life, and the dislocation linear velocity becomes slow during a latter half of the target life. 
[0132] It is also possible to adjust a dislocation linear velocity based on factors such as the linear velocity of the 
initialization, and the laser power. 

15 [0133] Thus, it is possible to determine a value of a dislocation linear velocity based on a combination of various 
kinds of conditions. Accordingly, the dislocation linear velocity may be adjusted to a desired value by adjusting the 
conditions in best manner. 

[01 34] It is desirable that the linear velocity for initialization is slower than the dislocation linear velocity. If the initial- 
ization linear velocity is faster than the dislocation linear velocity, a rise in the temperature of the recording layer tends 

20 to be insufficient whereby it becomes impossible to achieve uniform crystallization. If crystallization is not achieved 
uniformly, then there occurs variations in the initialization, which generates a disturbance in the RF signal. 
[0135] Moreover, it is desirable that the initialization linear velocity Vi is 0.5 times or above and 1 .6 times or below 
of the standard recording linear velocity Vr and/or the maximum recording linear velocity Vh. If the initialization linear 
velocity Vi is above 0.5 times, the good initialization can be performed, moreover, the overwriting performance is good. 

25 |f the initialization linear velocity Vi less that 1 .6 times, the temperature of the recording layer rises insufficient whereby 
uniform crystallization can be achieved and disturbance in the RF signal is not generated. 

[0136] Fig. 4 shows one example of the apparatus for recording/reproducing optical information that uses the method 
according to the first embodiment. As shown in Fig. 4, the driving section includes the spindle motor that drives and 
rotates the phase change type optical information recording medium according to the present invention. The laser 

30 driving circuit drives a power source consisting of asemiconductor laseroftherecording/reproducingpick-up. When the 
recording/reproducing pick-up is drives, it irradiates a laser beam of a pulse strategy having fp, mp, and ep as shown 
in Fig. 3. With this arrangement, recording is carried out by generating a phase change in the recording layer 3 of the 
optical information recording medium. The recorded information is reproduced by receiving a reflection beam from the 
optical information recording medium that has been irradiated with the reproduction beam, with the recording/repro- 

35 ducing pick-up. 

[01 37] Next, a recording of a signal as a width of a mark on the recording layer 3 of the optical information recording 
medium according to the first embodiment will be explained. In other words, a recording of information based on what 
is called a PWM recording system will be explained. 

[0138] When recording information, a signal to be recorded is modulated by using a clock in a modulator based on, 
40 for example, the EFM (Eight-to-Fourteen Modulation) system that is suitable for recording the information on a rewri- 
table compact disk, or an improved modulation system of this system. 

[0139] At the time of carrying out a recording according to the PWM recording system, a recording beam at the time 
of recording or rewriting a 0 signal having a signal width n x T after modulation (where n represents a positive integer, 
and T represents a clock time, that is a time corresponding to a period of a clock used for modulating the signal) is a 

45 continuous beam having a power level e, and a recording beam pulse string at the time of recording or rewriting a 1 
signal having a signal width n x T after modulation is a laser wave pulse string that has a pulse portion fp having a 
time width x and a power level a, a mufti-pulse portion mp in which a low-level pulse of a power level b having a time 
width T in total and a high-level pulse having a power level c alternately appear and continue by (n - n 1 ) times in total 
at a duty ratio y, and a pulse portion ep having a time width z and a power level d, where x, y, and z are in relationships 

50 ofTx 0.125 £x<Tx 2.0, 0.125£y£ 0.875, andT x 0.125£z<T, a&c£ e£b&d. 
[0140] Fig. 3 shows an example when n is equal to 3, and n' is equal to 2. 

[0141] The apparatus for recording/reproducing optical information from the optical information recording medium 
according to the first embodiment has means for reading information that indicates a maximum recording linear velocity 
of the disk set in the apparatus, means for reading other specific information from the disk, and deciding whether it is 
55 possible to record at a linear velocity higher than the maximum recording linear velocity or not. 

[01 42] One example of the operations performed by the apparatus according to the present invention are as follows : 

1 . The optical information recording medium according to the present invention is set on a tray of a drive of the 
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apparatus. 

2. The drive reproduces ID information or discrimination information from the set optical information recording 
medium according. 

3. The drive collates the same ID information or discrimination information from the optical information recording 
5 medium stored in advance in the drive with the ID information or the discrimination information reproduced in 2 

above. 

4. The drive recognizes the property and characteristic of the set optical information recording medium based on 
the collation of the ID information or the discrimination information. 

5. The drive selects a recording method that is optimal to the set optical information recording medium from a list 
10 of recording methods stored in advance, and starts the recording onto the set optical information recording medium. 

[0143] Examples of the first embodiments will be explained in detail below. However, the invention of the first em- 
bodiment is not limited to these examples. 

is Example 1 : 

[01 44] A polycarbonate substrate 1 having a guide groove with a width of 0.55 urn and depth of 30 nm was prepared 
by injection molding. On this substrate 1 , the first protection layer 2, recording layer 3, second protection layer 4, and 
the reflection layer 6 were laminated in this order using the sputtering method. The substrate 1 was put into the sput- 
20 tering unit by keeping the substrate at 55°C. Information that the maximum recording linear velocity is ten times (i.e. 
12 m/s) the speed of the CD was recorded onto the substrate 1 . 

[01 45] The first protection layer 2 and the second protection layer 4 were made from ZnS-Si0 2 . The first protection 
layer 2 had a thickness of 90 nm and the second protection layer had a thickness of 30 nm. The recording layer 3 was 
made from Ge 2 ln 8 Sb 68 Te 2 2- The recording layer 3 was made 1 6 nm thick. The reflection layer 6 was made from Am 

25 (with Tl content of 0.5 weight percent) . The reflection layer 6 had a thickness of 140 nm. 

[0146] As a result, a laminate having a layer structure as follows was formed. That is, the substrate 1 (composition: 
polycarbonate), first protection layer 2 (composition: ZnS-Si0 2 , thickness : 90 nm), recording layer 3 (composition: 
Ge 2 ln 8 Sb 68 Te 2 2. thickness: 16 nm), second protection layer 4 (composition: ZnS*Si0 2 , thickness: 30 nm), and the 
reflection layer 6 (composition: Am, thickness: 140 nm). Finally, the overcoat layer 7 was formed by spin coating an 

30 ultraviolet-ray-cured type resin on the reflection layer 6 to obtain a single-plate disk of the optical information recording 
medium. 

[0147] Next, the entire surface of this optical information recording medium was crystallized at a constant linear 
velocity of 7.0 m/s, from the inner periphery toward the outer periphery, at electric power 850 mW, and feed 120jim, 
with an initializing unit having a large diameter LD (a beam diameter 200 x 1um). 

35 [01 48] The dislocation linear velocity of the optical information recording medium obtained in this way was measured 
by DC irradiation, by focusing a semiconductor laser beam of a wavelength 780 nm onto a groove portion of the guide 
groove. The dislocation linear velocity was found to be 12.8 m/s, that is 1 .1 times the maximum recording linear velocity. 
[0149] Next, the optical information recording medium was set into an apparatus for recording optical information 
that has a list that it Is possible to record at a sixteen-time faster a code string of a combination of code information 

40 including a read-in time and a read-out time of this optical information recording medium, an optimum recording power 
code, and a disk type. 

[0150] This optical information recording apparatus was made to read first the read-in time, the read-out time, the 
optimum recording power code, and the disk type. Then, the optical information recording apparatus decided whether 
it is possible or not to achieve a recording at a recording linear velocity equal to or faster than the maximum recording 
« linear velocity based on the combination of this read information. The optical information recording apparatus decided 
that it is possible to record onto this optical information recording medium at a recording linear velocity of CD sixteen- 
time speed that is faster than the maximum recording linear velocity. 

[0151] Next, information was recorded onto this the optical information recording medium in a format capable of 
being reproduced with a CD-ROM at the recording linear velocity of CD sixteen-time speed, ft was found that the jitter 

so characteristic at the initial stage of a recording and even after 1 ,000 times of overwriting was satisfactory. 

[0152] Further, a preservation test on the optical information recording medium was earned out by leaving the disk 
for 500 hours in an environment at a temperature 80 °C and humidity 85%. The optical information recording medium 
did not show any signs of oxidization of the recording layer 3 or a change in the signal characteristics. Thus, the optical 
information recording medium can be preserved with great satisfaction for a long time. 

55 [01 53] As explained above, it possible to realize a high-speed recording at the CD sixteen-time speed on the optical 
information recording medium that had the maximum recording linear velocity of only ten times that of the CD. 
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Example 2: 

[0154] A polycarbonate substrate 1 having a guide groove with a width of 0.2 urn and depth of 27 nm was prepared 
by injection molding. On this substrate 1 , the first protection layer 2, recording layer 3, second protection layer 4, third 
5 protection layer 5, and the reflection layer 6 were laminated in this order using the sputtering method . The substrate 
1 was put into the sputtering unit by keeping the substrate at 55°C. Information that the maximum recording linear 
velocity is 8.44 m/s the speed of the CD was recorded onto the substrate 1 . 

[01 55] The first protection layer 2 and the second protection layer 4 were made from ZnSSi0 2 . The first protection 
layer 2 had a thickness of 75 nm and the second protection layer had a thickness of 1 0 nm. The third protection layer 
10 5 was made from SiC. The third protection layer 5 had a thickness of 3 nm. The recording layer 3 was made from 
A 9o.5 Ge i.5 Ga 8 Sb 68 Te 22- Tne recording layer 3 had a thickness of 14 nm. The reflection layer 6 was made from AITi 
(with Ti content of 0.5 weight percent). The reflection layer 6 had a thickness of 140 nm. 

[0156] As a result, a laminate having a layer structure as follows was formed. That is, the substrate 1 (composition: 
polycarbonate), first protection layer 2 (composition: ZnSSi0 2> thickness: 75 nm), recording layer 3 (composition: 
15 Ago^Ge! 5 Ga 8 Sb 68 Te 2 2, thickness: 1 4 nm), second protection layer 4 (composition: ZnSSi0 2 , thickness: 1 0 nm), third 
protection layer 5 (composition: SiC, thickness: 3 nm), and the reflection layer 6 (composition: Am, thickness: 140 
nm) . Finally, the overcoat layer 7 was formed by spin coating an ultraviolet-ray-cured type resin on the reflection layer 
6 to obtain a single-plate disk of the optical information recording medium. 

[0157] Next, the entire surface of this optical information recording medium was crystallized at a constant linear 
20 velocity of 1 0.0 m/s, from the inner periphery toward the outer periphery, at electric power 850 mW, and feed 1 20um, 
with an initializing unit having a large diameter LD (a beam diameter 200 x 1um). 

[0158] The dislocation linear velocity of the optical information recording medium obtained in this way was measured 
by DC irradiation, by focusing a semiconductor laser beam of a wavelength 660 nm onto a groove portion of the guide 
groove. The dislocation linear velocity was found to be 1 4.4 m/s , that is 1 .7 times the maximum recording linear velocity. 
25 [0159] Next, the optical information recording medium was set into an apparatus for recording optical information 
that has a list that it is possible to record at a DVD four-time fast speed a code string of a combination of code information 
including a read-in time and a read-out time of this optical information recording medium, an optimum recording power 
code, and a disk type. 

[0160] This optical information recording apparatus was made to read first the read-in time, the read-out time, the 
30 optimum recording power code, and the disk type. Then, the optical information recording apparatus decided whether 
it is possible or not to achieve a recording at a recording linear velocity equal to or faster than the maximum recording 
linear velocity based on the combination of this read information. The optical information recording apparatus decided 
that it is possible to record onto this optical information recording medium at a recording linear velocity of DVD four- 
time speed that is faster than the maximum recording linear velocity. 
35 [0161] Next, information was recorded onto this the optical information recording medium in a format capable of 
being reproduced with a DVD-ROM at the recording linear velocity of DVD four-time speed. It was found that the jitter 
characteristic at the initial stage of a recording and even after 1 ,000 times of overwriting was satisfactory. 
[0162] Further, a preservation test on the optical information recording medium was carried out by leaving the disk 
for 500 hours in an environment at a temperature 80 °C and humidity 85%. The optical information recording medium 
40 did not show any signs of oxidization of the recording layer 3 or a change in the signal characteristics. Thus, the optical 
information recording medium can be preserved with great satisfaction for a long time. 

[0163] As explained above, it possible to realize a high-speed recording at a DVD four-time speed on the optical 
information recording medium that had the maximum recording linear velocity of only 8.44 m/s. 

45 Examples 3 to 14: 

[0164] A polycarbonate substrate 1 was prepared by injection molding. On this substrate 1 , the first protection layer 
2, recording layer 3, second protection layer 4, third protection layer 5, and the reflection layer 6 were laminated in this 
order using the sputtering method. 

so [01 65] The first protection layer 2 and the second protection layer 4 were made from ZnSSi0 2 . The first protection 
layer 2 had a thickness of 80 nm and the second protection layer had a thickness of 1 0 nm. The third protection layer 
5 was made from SiC. The third protection layer 5 had a thickness of 5 nm. The recording layer 3 was made from 
material having a composition shown in Table 1 to obtain Examples 3 to 14. The recording layer 3 had a thickness of 
15 nm. The reflection layer 6 was made from Ag. The reflection layer 6 had a thickness of 140 nm. 

55 [01 66] As a result, a laminate having a layer structure as follows was formed. That is, the substrate 1 (composition: 
polycarbonate), first protection layer 2 (composition: ZnS-Si0 2 , thickness: 80 nm), recording layer 3 (composition: as 
shown in Table 1 , thickness: 15 nm), second protection layer 4 (composition: ZnS Si0 2 , thickness: 10 nm), third pro- 
tection layer 5 (composition: SiC, thickness: 5 nm), and the reflection layer 6 (composition: Ag, thickness: 140 nm). 
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Finally, the overcoat layer 7 was formed by spin coating an ultraviolet-ray-cured type resin on the reflection layer 6 to 
obtain a single-plate disk of the optical information recording medium. 

[0167] Next, the recording layer 3 of the optical information recording medium was crystallized with an initializing 
unit having a large diameter LD (a beam diameter 200 X 1 urn). 
5 [0168] Thereafter, a single-plate disk having a polycarbonate substrate thickness of 0.6 mm was adhered onto the 
overcoat layer 7 via an adhesive (i.e. the adhesive layer 10). Then, the print layer 8' was formed on the other surface 
of this polycarbonate substrate. Thus, a adhesion-type disk was obtained. 

[0169] Table 1 shows the parameters of the optical information recording/reproducing media according to Example 
3 to 14. These parameters include: the polycarbonate substrate thickness, disk structure of either the single plate or 
10 the adhesion-type disk, track pitch, various conditions for manufacturing a composition of the recording layer 3, wave- 
length of a pick-up of an apparatus used for recording and reproducing on/from thus obtained the optical information 
recording/reproducing media, dislocation linear velocity, recording linear velocity, and the result of evaluation. 
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[0170] Jitter characteristic in the result of evaluation has been defined as a/T (%) standardized in the clock time T. 
[0171] As can be seen from the evaluation result shown in Table 1 , in all the Examples 3 to 14, jitter characteristics 
at the initial stage and even after overwriting 1 ,000 times are satisfactory. 

[0172] Further, a preservation test on the optical information recording medium was carried out by leaving the disk 
5 for 500 hours in an environment at a temperature 80°C and humidity 85%. The optical information recording medium 
did not show any signs of oxidization of the recording layer 3 or a change in the signal characteristics. Thus, the optical 
information recording medium can be preserved with great satisfaction for a long time. 

[01 73] An optical information recording medium according to a second embodiment will now be explained. The optical 
information recording medium according to the second embodiment uses Ag, In, Sb, and Te as main constituent ele- 
10 ments. Further, at least one kind of a specific element selected from the lll-b group, the IV-b group, and the V-b group 
in the period law table has been added to these elements . With this arrangement, the phase change type recording 
material has sufficient characteristics of the medium in a high-linear velocity and high-density recording, and has par- 
ticularly excellent characteristics in repetitive recording, and preservation reliability at an initial recording period and 
after a repetitive recording. 

'5 [0174] As shown in Fig. 6, this optical information recording medium comprises the substrate 21 on which the lower 
heat-resisting protection layer ("lower protection layer") 22, recording layer 23, upper heat-resisting protection layer 
("upper protection layer - ) 24, and the reflection layer 25 are laminated in this order. The recording layer 23 is mainly 
made from elements such as Ag, In, Sb, and Te. Further, at least one kind of a specific element selected from the III- 
b group, the IV-b group, and the V-b group in the period law table has been added to these elements as described 

20 above . The recording layer of thus obtained optical information recording medium was initialized, that is changed from 
an amorphous state into a crystalline state. 

[0175] The recording layer 23 preferably has a uniform NaCi type structure when the recording layer is in the crys- 
talline state, when the atomic ratio of each element of Ag, In and Sb as the main constituent element is expressed by 
the formula (2) : 

25 

AgalnpSby-STeS (2) 



(where, 0.1 < a < 10, 1 £ 0 <, 20, 90 £ y <> 100, a + p + y = 100, and 0.2 <, 5 £ 0.35). 

30 [01 76] Such NaCI type crystal structure has a tendency that it exhibits excellent initial and repetitive recording char- 
acteristics, preferably, when Ag, In, and Sb are positioned in an area corresponding to the Na site, and Te is positioned 
in an area corresponding to the CI site, and when this Te is not 100% occupied by this site and has a hole. 
[0177] With this arrangement, a eutectic composition is provided in which a composition change does not occur 
easily even when a recording is carried out by repeating the phase change between the amorphous phase and the 

35 crystalline phase, in order to achieve a high-speed crystallization at a higher linear velocity, it is preferable that Sb and 
In are increased and Ag is decreased while maintaining this state. 

[0178] Further, regarding the crystallization speed, as Sb has a larger atomic radius than Te, and has a bond coor- 
dination number of about 3 to Te in the amorphous state, crystallization occurs very easily. As a result, the crystallization 
speed is fast, and the crystallization occurs at a relatively low temperature. Therefore, the preservation reliability is 

40 extremely poor when the Sb quantity is substantially large. 

[01 79] Further, In has a larger atomic radius than Sb, and has a bond coordination number of about 3.5 that is higher 
than the coordination number of Sb in the amorphous state. Therefore, the crystallization speed of In is fast. Crystal- 
lization of In occurs at a high speed at a higher temperature, and crystallization does not occur easily at roomtemper- 
ature to between 70 and 80 °C . Although a detailed reason for this has not been known, it is considered that In may 

45 play a role of preventing crystallization based on Sb. 

[0180] Further, regarding the crystallization speed, although the atomic radius of Ag is larger than that of Te, the 
crystallization speed of Ag is slower than that of Te, as the amorphous phase of Ag is more stable because Ag has a 
coordination number of approximately 2. In a high-speed recording, composition change does not occur easily even 
when a repetitive recording is carried out. Further, crystallization occurs at a high speed, and an optimum range of 

so composition in which preservation reliability can be secured is obtained. However, there is a limit to this composition 
range in which ft is possible to satisfy ail characteristics. Particularly, it is difficult to secure the preservation reliability 
in a high-speed recording. 

[01 81 ] By taking the above facts into consideration , in order to secure excellent repetitive recording characteristic in 
a high-speed recording and environmental stability of the amorphous state from a viewpoint of securing reliability of 
55 the optical information recording medium, it is possible to suitably add at least one kind of element selected from the 
lll-b group, the IV-b group, and the V-b group in the period law table, as additive elements to the above-described main 
constituent elements. 

[0182] It is preferable that particularly these additive elements have bond energy to these constituent elements of 



18 



EP1 193 698 A2 

200 kJ/mol or above. Alternatively, in order to increase the crystallization speed, it is preferable that the atomic radius 
of these additive elements is 0.1 nm or above and not larger than 0.20 nm. 

[01 83] Further, It is desirable that this bond energy Is as large as possible, and preferably 250 kJ/mol or above. When 
this value it too large, it requires large energy at the time of changing the phase. Therefore, it is preferable that the 

5 bond energy Is 500 kJ/mol or below. 

[0184] Further, there is a tendency that, in the lll-b group, the IV-b group, and the V-b group in the periodic table, 
the element that has a smaller atomic weight has a higher crystallization temperature due to the addition. Therefore, 
from a viewpoint of preservation reliability, it is preferable that an element having a smaller atomic weight than that of 
the constituent elements Sb and In is suitably added. 

w [0185] Table 2A shows the atomic radius and bond energy to Te for each of the additive elements B, Al, Ti, C, Si, 
Ge, Sn, Pb, P, As, and Bi, and Table 2B shows the atomic radius and bond energy to Te for each of the constituent 
elements Ag, In, and Sb. From this table, as additive elements, it is preferable to suitably add Al, Si, Ge, Sn, and P, 
most preferably, Ge. 

15 TABLE 2A 



20 



ADDITIVE ELEMENTS 


BOND ENERGY 


ATOMIC RADIUS 


X 


kJ/mol 


nm 


B 


350 


0.085 


Al 


270 


0.125 


TI 


<200 


0.19 


C 


<200 


0.07 


Si 


450 


0.11 


Ge 


460 


0.125 


Sn 


360 


0.145 


Pb 


250 


0.18 


P 


300 


0.1 


As 


<200 


0.115 


Bi 


230 


0.16 



35 



TABLE 2B 



40 



CONSTITUENT ELEMENTS 


BOND ENERGY 


ATOMIC RADIUS 


kJ/mol 


nm 


Ag 


196 


0.16 


In 


220 


0.155 


Sb 


280 


0.145 



45 

[0186] There is a tendency that crystallization speed is lowered and repetitive recording characteristic is degraded, 
when the additive quantity of these additive elements is too large. Further, an element that has a smaller atomic radius 
than that of In and Sb and that has bond energy has a large tendency of this. Therefore, it is desirable that the additive 
quantity is always smaller than the In quantity, within an optimum range of additive quantity. There is an element that 
so extremely lowers the crystallization speed, particularly when the In quantity is always small. On the other hand, TI, Pb, 
and Bi have an effect of increasing the crystallization speed. When the quantity of these elements is too large, there 
is a tendency that the crystallization temperature is lowered extremely, and the preservation reliability is lowered, de- 
spite a satisfactory repetitive recording characteristic. 

[01 87] Further, when the recording layer 23 having a composition as described above is used in the optical information 
55 recording medium, the lower protection layer 22 and the upper protection layer 24 may be made from ZnS and SiO, 
and that has a mol ratio of ZnS : SiO within a range from 50 : 50 to 90 : 10, preferably, near a mol ratio of 80 : 20. 
According to the needs, it is possible to suitably use an oxide, a nitride, or a mixture of these, other than a composite 
of a ZnS-SiO system. 
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[0188] It is desirable that the lower protection layer 22 has a thickness between 25 and 250 nm, from a viewpoint of 
a function of protecting the recording layer 23 from the environment, and preventing the recording layer 23 frombeing 
separated from the substrate 21 due to a relaxation of stress attributable to the heat at the time of a film formation. 
Further, it is desirable that the upper protection layer 24 has a thickness between 5 and 25 nm, from a viewpoint of 
5 restricting deformation and reduction in close adhesiveness due to an increase in thermal stress at the time of a re- 
petitive recording, and preventing the thermal conductivity from lowering the recording sensitivity at the time of the 
recording. 

[0189] The reflection layer 25 may be made from metal like Al or Ag, or an alloy of these. It is needless to say that, 
material having low cost are preferable. When necessary, a metal having a higher thermal conductivity than that of the 
io protection layer 24, and an alloy of this metal can be suitably used. The reflection layer 25 has a thickness between 
50 and 200 nm. 

[0190] The optical information recording medium according to the second embodiment is suitable for use as a re- 
writable recording medium capable of recording and reproduction using a wavelength 400 and 680 nm. In order to 
increase the recording density of this recording medium, the aperture rate of the objective lens is set to 0.60 or above. 

15 [0191] Usually, recording can be carried out in two ways. First, carrying out recording on the grooves formed on the 
substrate, second, carrying out recording on the tracks between grooves formed on the substrate. In any case, it is 
possible to narrow the track pitch so as to increase the density and or the memory capacity. It is better that the track 
pitch is 0.8 jim or lesser. Moreover, it is better that the depth of the groove is between 15 to 60 nm. It is possible to 
stably perform tracking when the groove is 15 nm or more deep. 

20 [01 92] The recording/reproducing characteristic of the optical information recording/reproducing medium according 
to the second embodiment are shown in Rg. 5. As is clear from Fig. 5, a light emission pulse of a laser beam irradiated 
onto a recording medium has three levels of recording, erasing, and bias. Further, recording and erasing power is set 
higher than reproduction power. Bias power is set lower than reproduction power . The bias power is power after 
irradiating the recording power, and this is necessary for forming an amorphous phase. This pulse further consists of 

25 a head pulse (one pulse) , a plurality of pulse strings, and a cooling pulse (one pulse). This pulse is necessary for 
making sharp an edge of a recording mark, and for making accurate a position of recording and a length of a recorded 
mark. This kind of recording light-emission pulse is suitable for a high-speed recording, and optimizes am ate rial and a 
composition of a recording layer. 

[0193] As a result, the recording frequency is about 20 MHz to 80 MHz, and maximum recording power is 150 nW. 
30 The recording and reproducing linear velocity corresponds to both CLV and CAV. The maximum linear velocity has 
been about 15 m/s, preferably 3.0 m/s to 12 m/s. 

[0194] Concrete examples of the second embodiments will be explained below as examples 21 to 42. However, the 
second embodiment is not limited to these examples. 

[0195] A polycarbonate substrate 21 of thickness 0.6 mm was used. Groove was formed on this substrate 21 . This 
35 grove had a pitch 0.74 uxn, width 0.3 ujti, and depth 35 urn. On this substrate 21 , following layers were laminated using 
the sputtering method. That is, the lower protection layer 22, recording layer 23, upper protection layer 24, and the 
reflection layer 25 were formed on the substrate 21. The lower protection layer 22 is a protection film having a mol 
composition ratio (mol %) of ZnS : SiO = 80 : 20. The lower protection layer 22 had a thickness of 75 nm. Table 3 lists 
the composition ratios (atomic percentages) of the constituent elements and the additive elements etc. of the recording 
40 layer 23 of the Examples 21 to 42 and Comparative Examples 1 to 4. The recording layer 23 had a thickness of 20 nm. 
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[0196] The upper protection layer 23 is a protection film having a mol composition ratio (mol %) of ZnS : SiO = 80 
20 in the same manner as the lower protection layer 23. The upper protection layer 23 had a thickness of 1 5 nm. The 
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reflection layer 25 Is made from Al alloy. The reflection layer 25 had a thickness of 1 20 nm. Further, a substrate coated 
with an ultraviolet-ray-cured resin and having no layers is adhered on the reflection layer 25 to obtained the optical 
information recording medium according to the second embodiment. This optical information recording medium had a 
thickness of 1 .2 mm. 

5 [01 97] Next, after initialization under a predetermined condition using LD, the recording layer 23 was made crystalline. 
For recording and reproduction, a pick-up head having a wavelength 655 nm, and an objective lens NA 0.65 has been 
used, and recording was carried out on each recording layer by CLV at a linear velocity shown in Table 3, in a recording 
density 0.265u/n/bit. 

[0198] A modulation system of recording data has been (8, 16) modulation. Maximum recording power has been 15 
io mW, and erasing power has been 0.45 to 0.55 times the recording power. Bias power has been 0.5 mW, and repro- 
duction power has been set to 0.8 mW. 

[0199] Under the above conditions, an increase in the jitter quantity after repetitively recording 10,000 times from 
the jitter quantity of one recording, and an increase in the jitter after 1 ,000 hours at 80 °C and 85 % RH have been 
measured. The jitter is a value expressed in % obtained by dividing it by a window width. 

is [0200] It can be seen from Table 3, in the Examples 21 to 42 show improved preservation reliability without decreasing 
the number of repetitive recording in comparison with the Comparative Examples 1 to 4. These Comparative Examples 
1 to 4 represent the media obtained with the conventional technique, i.e. where additive elements have not been added. 
Particularly, when Ge in the quantity of 2 atomic percentage is added as the additive element, it can be understood 
that the repetitive number is satisfactory, and the reliability is particularly improved. Further, in the recording layer that 

20 uses Ag, In, Sb and Te as main constituent elements, when an additive quantity of these additive elements is optimized, 
it becomes possible to achieve a higher-speed recording. Therefore, there is an effect that it is possible to improve the 
repetitive recording characteristic, and improve the preservation reliability. 

[0201] Thus, the phase change type optical information recording medium according to the second embodiment is 
characterized in that the recording layer 23 is prepared by having an additional element X selected from the lll-b group, 
25 the IV-b group, and the V-b group in the period law table that satisfies a specific condition, added to the AglnSbTe 
system of the main constituent elements, such that a relational expression of an atomic composition ratio of ( AgalnfiSb- 
yXe) 1 - 6Te5 is satisfied. 

[0202] With the above arrangement, it is possible to provide an optical information recording medium having high 
reliability, capable of achieving a recording in high density and at high linear velocity, without degrading characteristics 
30 when a recording is carried out repeatedly, as compared with the conventional optical information recording medium. 
[0203] It is expected that this phase change type optical information recording medium that can exhibit the above 
characteristics can be applied to a large-capacity optical file, a digital video disk, etc. 

[0204] Next, an optical information recording medium according to the third embodiment of the invention will be 
explained. The structure of this optical information recording medium is same as the optical information recording 

35 medium according to the second embodiment In other words, as shown in Fig. 6, following layers are successively 
laminated on the substrate 21 . That is, the lower protection layer 22, recording layer 23, upper protection layer 24, and 
the reflection layer 25 are laminated on the substrate 21 . The lower protection layer 22 and the upper protection layer 
24 consist of a dielectric. It should be notated that, although the protection layers 22 and 24 have been provided on 
both sides of the recording layer 23, only the lower protection layer 22 or the upper protection layer 24 may be provided. 

40 However, when the substrate 21 is made of a material having low thermal resistance like a polycarbonate resin, it is 
desirable to provide the lower protection layer 22. 

[0205] The substrate 21 is usually formed from glass, ceramics or a resin. From a viewpoint of moldability and cost, 
a resin substrate is preferable. As representative examples of resins, there are polycarbonate resin, acrylic resin, epoxy 
resin, polystyrene resin, acrylonitrile-styrene copolymer resin, polyethylene resin, polypropylene resin, silicone resin, 
45 fluororesin, ABS resin, and urethane resin. From a viewpoint of moldability and the optical characteristic, the polycar- 
bonate resin is preferable. The shape of the substrate 21 is not limited to a disk shape, and this may be a card shape 
or a sheet shape. 

[0206] The protection layers 22 and 24 may be formed by film-forming using (ZnS) eo *(Si0 2 )2o using the sputtering 
method. These protection layers 22 and 24 has a function as the heat-resisting protection layer and a function as a 

so light-interfering layer. Therefore, it is necessary to utilize these functions to a maximum extent. For this purpose, each 
of the protection layers 22 and 24 had a thickness between 200 A and 3, 000 A, and preferably between 350 A and 
2,000 A. The protection layers 22 and 24 function as heat-resistant when they are thicker than 200 A. Moreover, when 
the protection layers 22 and 24 are thinner than 3,000 A, then the interface separation does not occur easily. 
[0207] The recording layer 23 is formed using the sputtering method. The recording layer 23 should have a thickness 

55 between 1 00 A and 1 ,000 A, and preferably between 200 A and 350 A. When the recording layer 23 is thicker than 
1 00 A, the light-absorptance is maintained, and the function as the recording layer is not lost. On the other hand, when 
the recording layer 23 is thinner than 1 ,000 A, the quantity of a transmission beam is maintained, and therefore, excellent 
interference effect can be obtained. The reflection layer 25 is made from, for example, an Al alloy using the sputtering 
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method. The reflection layer 25 has a thickness between 500 A and 2, 000 A, and preferably between 700 A and 1 ,500 A. 
[0208] The third embodiment will be explained in further detail based on the Examples 51 to 55. 

Example 51 : 

5 

[0209] A polycarbonate substrate 21 of thickness 0.6 mm and diameter 120 urn was used. Groove was formed on 
this substrate 21 . This grove had a pitch 0.7 urn, and depth 600 A. On this substrate 21 , following layers were laminated 
using the sputtering method. That is, the lower protection layer 22, recording layer 23, upper protection layer 24, and 
the reflection layer 25 thereby obtaining the optical information recording medium. 
io [021 0] The protection layers 22 and 24 were made from (ZnSJoo-fSiOg)^. The lower protection layer 22 had a thick- 
ness of 1 ,200 A, and the upper protection layer 24 had a thickness of 350 A. The reflection layer 25 was made from 
Al-Tl alloy. The reflection layer 25 had a thickness of 800 A. 

[0211] The recording layer 23 had a thickness of 210 A, this has been DC sputtered under the following sputtering 
condition. A target composition ratio of the recording layer is Ag^ln 7 Sb 60 Te 2 8- 

15 

(1) input power 0.5kW 

(2) gas flow rate: Ar, 1 5 seem 

(3) gas pressure for forming a film: 1 .0 mTorr 

(4) substrate temperature: starts at 25°C, and raises temperature at the rate of 30°C/min. 

20 

[0212] In order to analyze a structure of a recording layer of the optical information recording medium obtained, a 
glass substrate for the analysis has been prepared separately. Initial crystallization of the recording layer has been 
carried out using a high-output semiconductor laser. For analyzing a structure of the recording layer, particularly, for 
analyzing a coordination number of a constituent element of the phase change type recording material, and a crystal 
25 structure, there have used an X-ray analysis, an electron beam analysis, and EXAPS (extended X-ray absorption fine 
structure). Table 4 shows the result of this analysis. 



TABLE 4 
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ELEMENTS 


COORDINATION NUMBER 
(CORRESPONDING TO TE) 


CRYSTALLINE 
STRUCTURE 


HOLE RATE 
OF Te 
(%) 


AMORPHOUS 
STATUS 


CRYSTALLIN 
E STATUS 


Ag 


1.8 


4.1 


NaCl TYPE 


66 


In 


3.5 


3.8 


Sb 


2.9 


2.4 



[0213] Regarding signal characteristics of the optical information recording medium, a light source of a wavelength 
635 nm has been used, and a repetitive recording of overwriting has been carried out at a recording linear velocity 3.5 
m/s and in an EFM random pattern. An evaluation has been carried out based on recording power dependency of jitter 
45 of a 3T signal at that time. A linear velocity during a reproduction has been set to 3.5 m/s. Table 5 shows a result of 
the evaluation. Fig. 7 shows the X-ray diffraction spectrum. 



TABLE 5 



RECORDING POWER (mW) 


8 


9 


10 


11 


12 


13 


JITTER(ns) 


NUMBER OF OVERWRITING 














1 


8.5 


8.3 


8.0 


7.8 


7.7 


7.6 


1000 


8.5 


8.4 


8.2 


8.0 


8.0 


7.9 


3000 


8.7 


8.6 


8.5 


8.3 


8.4 


8.4 
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TABLE 5 (continued) 



RECORDING POWER (mWi 


8 


g 


10 


11 


12 


13 


JITTER(ns) 


NUMBER OF OVERWRITING 














5000 


8.8 


8.8 


8.8 


8.8 


8.9 


8.9 


10000 


9.0 


9.0 


9.1 


9.1 


9.2 


9.3 


15000 


9.3 


9.3 


9.4 


9.5 


9.6 


9.8 . 


20000 


9.6 


9.6 


9.8 


9.9 


10.1 


10.3 



[021 4] In Table 5, numbers 8,9,10,11,12, and 1 3 in the horizontal direction respectively represent recording power 
in mW. Moreover, numbers 1, 1000, 3000, 5000, 10000, 15000, 20000 in the vertical direction represent how may 
times overwriting has been performed ("numbers of overwriting"). Furthermore, the other values in this table represent 
jitter in ns. Same is the case for the Tables 7, 9, 11, 13, 15, 17. 

Example 52: 

[021 5] An optical information recording medium has been prepared exactly in the same manner as that of the Example 
51 , except that a substrate temperature has started at 25°C and the temperature has been raised at a rate of 1 0°C/ 
min as a condition for forming the recording layer 23. Table 6 shows the result of analysis of the structure of the recording 
layer 23 in Example 52, Table 7 shows the signal characteristics, and Fig. 8 shows the X-ray diffraction spectrum. 



TABLE 6 



ELEMEN^\ 


COORDINATION NUMBER 
(CORRESPONDING TO TE) 


CRYSTALLINE 
STRUCTURE 


HOLE RATE 
OF Te 
(%) 


AMORPHOUS 
STATUS 


CRYSTALLIN 
E STATUS 


Ag 


1.7 


4.0 


NaCl TYPE 


65 


In 


3.3 


3.6 


Sb 


2.8 


2.2 



TABLE 7 
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RECORDING POWER (mW) 


8 


9 


10 


11 


12 


13 


J[TTER(ns) 


NUMBER OF OVERWRITING 














1 


8.5 


8.2 


8.0 


7.9 


7.8 


7.7 


1000 


8.5 


8.3 


82 


8.1 


8.0 


7.9 


3000 


8.7 


8.6 


8.5 


8.4 


8.4 


8.3 


5000 


8.9 


8.8 


8.8 


8.8 


8.9 


8.9 


10000 


9.1 


9.1 


92 


9.2 


9.3 


9.4 


15000 


9.4 


9.4 


9.5 


9.6 


9.7 


9.8 


20000 


9.7 


9.7 


9.8 


10.1 


10.2 


10.4 
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Example 53: 

[0216] An optical information recording medium has been prepared exactly in the same manner as that of the Example 
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51 , except that a substrate temperature has started at 25°C and the temperature has been raised at a rate of 50°C/ 
min as a condition for f orm ing the recording layer 23. Table 8 shows the result of analysis of the structure of the recording 
layer 23 in Example 53, Table 9 shows the signal characteristics, and Fig. 9 shows the X-ray diffraction spectrum. 



TABLE 8 



ELEMENT\ 


COORDINATION NUMBER 
(CORRESPONDING TO TE) 


CRYSTALLINE 
STRUCTURE 


HOLE RATE 
OF Te 
(%) 


AMORPHOUS 
STATUS 


CRYSTALLIN 
E 

STATUS 




2.0 


4.3 


NaCl TYPE 


67 


In 


3.6 


4.0 


Sb 


3.1 


2.6 



TABLE 9 



RECORDING POWER (mW) 


8 


9 


10 


11 


12 


13 


JITTER(ns) 


NUMBER OF OVERWRITING 














1 


8.3 


8.2 


7.9 


7.7 


7.6 


7.5 


1000 


8.4 


8.3 


8.1 


7.9 


7.9 


7.8 


3000 


8.6 


8.5 


8.4 


8.2 


8.2 


8.3 


5000 


8.7 


8.7 


8.6 


8.6 


8.7 


8.7 


10000 


8.9 


8.9 


8.9 


9.0 


9.1 


9.2 


15000 


9.2 


9.2 


9.3 


9.4 


9.5 


9.7 


20000 


9.5 


9.5 


9.7 


9.8 


10.0 


10.2 



Example 54: 

[021 7] An optical information recording medium has been prepared exactly in the same manner as that of the Example 
51 , except that a target composition of the recording layer 23 was taken to be Ag 3 ln 10 Sb 63 Te 2 4. Table 10 shows the 
result of analysis of the structure of the recording layer 23 in Example 54, Table 11 shows the signal characteristics, 
and Fig. 10 shows the X-ray diffraction spectrum. 



TABLE 10 



ELEMENT^ 


COORDINATION NUMBER 
(CORRESPONDING TO TE) 


CRYSTALLINE 
STRUCTURE 


HOLE RATE 
OF Te 
(%) 


AMORPHOUS 
STATUS 


CRYSTALLIN 
E STATUS 


Ag 


1.5 


3.8 


NaCl TYPE 


69 


In 


3.4 


3.6 


Sb 


2.7 


2.3 
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TABLE 11 



5 



10 



15 



RECORDING POWER (mW) 


8 


9 


10 


11 


12 


13 


JITTER (ns) 


NUMBER OF OVERWRITING 














1 


8.4 


8.3 


8.1 


7.8 


7.7 


7.6 


1000 


8.4 


8.4 


8.2 


8.0 


8.0 


7.9 


3000 


8.6 


8.6 


8.4 


8.3 


8.3 


8.3 


5000 


8.8 


8.8 


8.7 


8.7 


8.7 


8.8 


10000 


9.0 


9.0 


9.0 


9.1 


9.2 


9.3 


15000 


9.3 


9.3 


9.4 


9.5 


9.6 


9.8 


20000 


9.6 


9.6 


9.8 


9.9 


10.1 


10.3 



Example 55: 

20 

[021 8] An optical information recording medium has been prepared exactly in the same manner as that of the Example 
51 , except that a target composition of the recording layer 23 was taken to be Ag 8 ln 3 Sb 68 Te 21 . Table 12 shows the 
result of analysis of the structure of the recording layer 23 in Example 55, Table 13 shows the signal characteristics, 
and Fig. 11 shows the X-ray diffraction spectrum. 

25 



TABLE 12 



30 
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ELEMENT\ 


COORDINATION NUMBER 
(CORRESPONDING TO TE) 


CRYSTALLINE 
STRUCTURE 


HOLE RATE 
OF Te 
(%) 


AMORPHOUS 
STATUS 


CRYSTALLIN 
E STATUS 




[ 1.8 


3.9 


NaCl TYPE 


73 


In 


3.1 


3.7 


Sb 


2.7 


2.5 



TABLE 13 



40 



RECORDING POWER (mW) 


8 


9 


10 


11 


12 


13 


JITTER (ns) 


NUMBER OF OVERWRITING 














1 


8.4 


8.3 


8.2 


7.9 


7.8 


7.7 


1000 


8.4 


8.4 


8.2 


8.1 


8.1 


8.0 


3000 


8.6 


8.6 


8.4 


8.4 


8.4 


8.4 


5000 


8.8 


8.8 


8.7 


8.8 


8.8 


8.9 


10000 


9.0 


9.0 


9.0 


9.2 


9.3 


9.4 


15000 


9.3 


9.3 


9.4 


9.6 


9.7 


9.9 


20000 


9.6 


9.6 


9.8 


9.9 


10.1 


10.3 
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Comparative Example 51 : 

[021 9] An optical inf ormation recording medium has been prepared exactly in the same manner as that of the Example 
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51 , except that a film has been formed using power 850W without raising temperature of the substrate at the time of 
forming a film. Table 1 4 shows the result of analysis of the structure of the recording layer 23 in Comparative Example 
51 , Table 15 shows the signal characteristics, and Fig. 12 shows the X-ray diffraction spectrum. 



TABLE 14 



ELEMEN^\ 


COORDINATION NUMBER 
(CORRESPONDING TO TE) 


CRYSTALLINE 
STRUCTURE 


HOLE RATE 
OF Te 
(%) 


AMORPHOUS 
STATUS 


CRYSTALLIN 
ESTATUS 


Ag 


1.9 


2.0 


NaCl TYPE 


66 


In 


3.7 


3.7 


Sb 


3.1 


■ 3.1 



TABLE 15 



RECORDING POWER (mW) 


8 


9 


10 


11 


12 


13 


JITTER (ns) 


NUMBER OF OVERWRITING 














1 


8.8 


8.7 


8.6 


8.6 


8.5 


8.3 


1000 


9.0 


9.0 


8.9 


9.0 


9.0 


9.0 


3000 


9.4 


9.5 


9.5 


9.5 


9.6 


9.6 


5000 


9.9 


10.0 


10.0 


10.1 


10.2 


10.3 


10000 


10.5 


10.7 


10.8 


10.9 


11.1 


11.3 


15000 


11.5 


11.8 


12.0 


12.2 


12.8 


13.1 


20000 


13.1 


13.5 


13.8 


14.1 


15.1 


15.9 



Comparative Example 52: 

[0220] An optical inf ormation recordi ng medium has been prepared exactly in the same manner as that of the Example 

51 , except that a film has been formed using power 200W without raising temperature of the substrate at the time of 
forming a film. Table 1 6 shows the result of analysis of the structure of the recording layer 23 in Comparative Example 

52, Table 17 shows the signal characteristics, and Fig. 13 shows the X-ray diffraction spectrum. 



TABLE 16 



ELEMENT\ 


COORDINATION NUMBER 
(CORRESPONDING TO TE) 


CRYSTALLINE 
STRUCTURE 


HOLE RATE 
OF Te 

(%) | 


AMORPHOUS 
STATUS 


CRYSTALLIN 
E STATUS 


Ag 


1.2 


1.2 


UNKNOWN 


69 


In 


3.1 


3.2 


Sb 


3.1 


3.0 
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TABLE 17 



5 



10 



15 



RECORDING POWER (mW) 


8 


9 


10 


11 


12 


13 


JITTER (ns) 


NUMBER OF OVERWRITING 














1 


9.1 


9.1 


9.0 


8.8 


8.7 


8.6 


1000 


9.5 


9.5 


9.4 


9.3 


9.3 


9.2 


3000 


9.9 


9.9 


9.9 


9.8 


9.9 


9.9 


5000 


10.3 


10.2 


10.2 


10.3 


10.4 


10.5 


10000 


11.1 


11.3 


11.4 


11.7 


12.1 


12.6 


15000 


15.1 


15.7 


15.9 


16.1 


16.8 


17.4 


20000 















[0221] As is clear from Table 4 to Table 13 and Fig. 7 to Fig. 11 , the Examples 51 to 55 are characterized in that a 
structure of the recording layer 23 is NaCI type, and reflection from (200) surface is strong. 
[0222] Further, bond coordination numbers of Ag, In and Sb to Te are as follows. 



(1) In the case of Ag: When Ag is in an amorphous state, a coordination number is 1 .5 and 2.0 although there is 
a difference depending on a film-forming condition. When Ag is in a crystalline state, a coordination number is 
between 3.8 and 4.3. As a result, the coordination number in the crystalline state is larger than the coordination 
number in the amorphous state. 

(2) In the case of In: When In is in an amorphous state, the coordination number is between 3.1 and 3.6. When In 
is in a crystalline state, the coordination number is 3.6 and 4.0. As a result, like the case of Ag, the coordination 
number in the crystalline state is larger than the coordination number in the amorphous state. 

(3) In the case of Sb: When Sb is in an amorphous state, the coordination number is between 2.7 and 3.1 . When 
Sb is in a crystalline state, the coordination number is 2.2 and 2.6. As a result, the coordination number in the 
amorphous state is larger than the coordination number in the crystalline state. 

[0223] Signal characteristics of the optical information recording media in the Examples 51 to 55 are all satisfactory. 
It is possible to carry out the recording using power within a large range from 8 mW to 13mW. Further, it is possible to 
carry out the recording with high sensitivity. Further, the optical information recording medium has extremely satisfactory 
repetitive recording characteristic, as it is possible to use the optical information recording medium by about 20 thousand 
times. Regarding the preservation characteristic, it has been confirmed that the optical information recording medium 
has higher weatherability as the signal characteristic is not degraded even after the optical information recording me- 
dium has been left for 200 hours under a temperature condition of 80% RH • 80°C. 

[0224] In the mean time, in the Examples 51 and 52, a bond coordination number of Ag in the amorphous state is 
not different from that in the crystalline state. Particularly, it can be understood that a bond coordination number is 
small in a crystalline state. Although it is not clear why a result of the comparative example is different from that of the 
example due to a difference in a film-forming condition, a difference is recognized between the X-ray diffraction spec- 
trum of the Examples 51 and 52 and that of the Examples 51 to 55. In other words, although the Comparative Example 
51 is an NaCI type as is the same with the Examples 51 to 55, the (220) surface is strong and there is a growth in the 
(31 1 ) surface, in the Comparative Example 52, it appears that the (220) surface is separated into two. The difference 
between the X-ray diffraction spectrum of the Examples 51 and 52 and that of the Examples 51 to 55 also appears in 
the signal characteristic of the optical information recording medium obtained. In other words, in the Comparative 
Examples 51 and 52, a reduction in the sensitivity in comparison to the Examples 51 to 55 is observed. The repetitive 
recording characteristic is also lowered large. This indicates that the structure of the recording layer 23, particularly, 
the bond coordination number, has a great influence over the signal characteristic of the optical information recording 
medium. 

[0225] An optical information recording medium according to the fourth embodiment will be explained here. Fig. 14 
shows a cross-section of one example of the optical information recording medium according to the fourth embodiment. 
As a basic structure, on the substrate 31 having a guide groove, there are disposed the first protection layer 32, re- 
cording layer 33, second protection layer 34, reflection layer 35, and the overcoat layer 36. Further, preferably, the 
print layer 37 is laminated on the overcoat layer 36, and the hard-coat layer 38 on a mirror surface of the substrate 31 . 
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[0226] The substrate 31 is usually formed from glass, ceramics or a resin. From a viewpoint of moldability and cost, 
a resin substrate is preferable. As examples of resins, there are the polycarbonate resin, acrylic resin, epoxy resin, 
polystyrene resin, acrylonitrile-styrene copolymer resin, polyethylene resin, polypropylene resin, silicone resin, fluor- 
oresin, ABS resin, and urethane resin. From a viewpoint of moldability, optical characteristic, and cost, the polycar- 

5 bonate resin and the acrylic resin are preferable . 

[0227] However, in the case of applying an optical information recording medium of the fourth embodiment to a 
rewritable disk (CD-RW), it is desirable to meet the following condition. Namely, a guide groove (a groove) formed on 
the substrate to be used has a width between 0.25 and 0.65 urn, and preferably between 0.30 and 0.55 \im, has a 
depth between 250 and 650 A, and preferably between 300 and 550 A. Although there is no particular limitation on 

10 the thickness of the substrate 31 , it is preferable that the substrate 31 is 1 .2 mm or 0.6 mm thick. 

[0228] It is preferable that the recording layer 33 is made from material that includes a phase change type recording 
material including Ge, Ga, Sb and Te as main four elements, because of its satisfactory recording (amorphous) sen- 
sitivity/recording velocity, erasing (crystallization) sensitivity/erasing speed, and erasing ratio respectively. GeGaSbTe 
has an optimum recording linear velocity depending on its composition ratio. Therefore, it is necessary to adjust the 

is composition ratio of this GeGaSbTe based on a target recording linear velocity and a target linear velocity area. As a 
result of investigations so far carried out, it has been found that the composition ratio of Te in the GeGaSbTe recording 
layer has a high correlation with the recording linear velocity. 

[0229] The optical information recording medium is required to satisfy signal reproduction stability and signal life in 
addition to the capability of recording and erasing. As the recording layer 33 that can satisfy the whole requirement, a 

20 GeGaSbTe system is excellent. This system has been effective when respective composition ratios a, p, y. and 6 
(atomic percentages) satisfy, when cc + P + y+8=100, 0.1 £ a £ 7.0, 1 <, p £ 9, 61 £ y£ 75, and 22 £ 6 £ 30. 
[0230] Reproduction stability of a signal and life of a signal have been insufficient when Ge exceeds 7.0 atomic 
percentage, Ga exceeds 9 atomic percentage, and Sb exceeds 75 atomic percentage. As the content of Te produces 
a large effect on the re-crystallization linear velocity, it is preferable that Te is at least 22 atomic percentage or above 

25 and 30 atomic percentage or below, even when a control is carried out by adjusting a recording layer thickness and 
thermal conductivity of other layers. 

[0231] In order to improve the reproduction stability of a signal and the life of a signal, it has been effective to add 
to the recording layer at least one kind of element selected from a group consisting of In, Zn, Sn, Si, Pb, Co, Cr, Cu, 
Ag, Au, Pd, Pt, S, Se, Ta, Nb, V, Bi t Zr, Ti, Al, Mn, Mo, Rh, C, N, and O. Degradation in the reproduction of a signal 

30 and a reduction in the life of a signal have been due to the crystallization of an amorphous mark. In order to suppress 
the crystallization of an amorphous mark, it has been effective to add to the recording layer at least one kind of element 
selected from the above elements. Although a mechanism is not clear, it has been considered that these elements 
enter a space in GeGaSbTe and form chemical bonding, thereby to form a compound of GeGaSbTe or an alloy, which 
works as an additive for suppressing the crystallization of an amorphous mark. Therefore, it is effective to use an 

35 element that has a small atomic radius, that has a large chemical bonding with GeGaSbTe, and that has large chemical 
bonding strength. Particularly, C, N, O, Si, Sn, and Ag are effective. It is effective that the quantity of these additive 
elements is 7 atomic percentage or below of the recording layer. When the quantity is below 7 atomic percentage, it 
is possible to maintain the intrinsic recording/erasing characteristics of the GeGaSbTe recording layer, and no non- 
erased portions are left behind. 

40 [0232] Further, the preservation reliability of high linear velocity recording and erasing of the optical information 
recording medium is an extremely important item. In the fourth embodiment, in the relation of the composition of Ge 
and Ga, it has been found that the high linear velocity correspondence and the preservation reliability are in good 
balance when -8 £ a - p £ 3. When a - p exceeds 3, there has been a tendency that an optimum linear velocity during 
a recording/erasing is slow. Further, when a - p is less than -8, the preservation of the optical information recording 

45 medium has been insufficient. Therefore, it has been effective to take balance of both characteristics when -8 <> a - p <, 3. 
[0233] Further, when the linear velocity becomes faster, it becomes important to secure a reflectivity of the optical 
information recording medium, particularly, the reflectivity during the initialization. In the fourth embodiment, in the 
relation of the composition of Sb and Te, it has been found that the reflectivity necessary for the initialization reaches 
wheny + 8>88. 

50 [0234] It is desirable that the recording layer 33 has a thickness between 1 0 and 50 nm, and preferably between 1 2 
and 30 nm. Further, considering the initial characteristic of jitter, overwriting characteristic, and mass-production effi- 
ciency, it is preferable that the recording layer 33 has a thickness between 14 and 25 nm. When the recording layer 
33 is thicker than 1 0 nm, the light-absorptance is maintained whereby better recording characteristics can be achieved. 
When the recording layer 33 is thinner than 50 nm, a uniform phase change can be obtained easily even at a high 

55 speed. This recording layer can be formed according to various kinds of vapor deposition methods, such as, for ex- 
ample, the vacuum deposition method, sputtering method, plasma CVD method, optical CVD method, ion-plating meth- 
od, and the electronic beam deposition method. Among these methods, the sputtering method is excellent from a 
viewpoint of mass-production efficiency and film quality. 
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[0235] The first and second protection layers 32 and 34 (dielectric layers) may be formed from metal oxides like SiO, 
Si0 2 , ZnO, Sn0 2 , AfeC^, Ti0 2 , ln 2 0 3 , MgO, and Zr0 2 , nitrides like S^N*, AIN, TIN, BN, and ZnN, a sulfide like ZnS, 
In^, and TaS 4 , carbides like SiC, TaC, B 4 C, WC, TIC, and Zr, and diamond cartoon. These materials can be used 
singularly or in combination. When necessary, an impuritymay be included in the material. Further, a dielectric layer 

s may be formed in a multi-player when necessary. However, it is necessary that the melting point of the first and second 
protection layers 32 and 34 is higher than that of the recording layer 33. The first and second protection layers 32 and 
34 can be formed using any know conventional vapor deposition methods. Examples of such vapor deposition methods 
are the vacuum deposition method, sputtering method, plasma CVD method, optical CVD method, ion-plating method, 
and the electronic beam deposition method. Among these, the sputtering method is excellent from a viewpoint of mass- 

io production efficiency and film quality. 

[0236] The thickness of the first protection layer 32 produces large influence on the reflectivity. In order to satisfy the 
reflectivity 0.15 to 0.25 as a standard of a CD-RW disk in a reproduction wavelength of 780 nm and 650 nm, it is 
required that the first protection layer 32 has thickness between 65 and 1 30 m. By forming the first protection layer 32 
having a proper thickness, it becomes possible to satisfy the reflectivity of DVD having the reproduction wavelength 

15 of 650 nm, and satisfy the reproduction compatibility of the DVD. It is desirable that the second protection layer 34 has 
a thickness between 15 and 45 nm, and preferably between 20 and 40 nm. When the second protection layer 34 is 
thicker than 15 nm, this layer does not properly perform the function of heat-resistance, and the sensitivity is does not 
lower so easily. On the other hand, when the second protection layer 34 is thinner than 45 nm, the interface separation 
does not occur whereby and the repetitive recording performance is maintained. 

20 [0237] The reflection layer 35 can be made from metals like At, Au, Ag, Cu, Ta, Ti, and W, or an alloy that includes 
these elements. Elements like Cr, Ti, Si, Cu, Ag, Pd, and Ta may be added to the reflection layer 35. The reflection 
layer 35 can be formed using any conventionally known vapor deposition methods. Examples of such vapor deposition 
methods are the vacuum deposition method, sputtering method, plasma CVD method, optical CVD method, ion-plating 
method, and the electronic beam deposition method. It is desirable that the reflection layer 35 has a thickness between 

25 70 and 200 nm, and preferably between 100 and 160 nm. It is also possible to make the reflection layer 35 have a 
multi-layer structure. When the reflection layer 35 has the multi-layer structure, each layer in the multi-layer structure 
needs to have a thickness of at least 1 0 nm. It is desirable that a total thickness of multi-layer structure is between 50 
and 1 60 nm. 

[0238] It is preferable to form the overcoat layer 36, on the reflection layer 35, for preventing the reflection layer 35 

30 from being oxidized. The overcoat layer 36 may be formed by spin coating an ultraviolet-ray-cured resin. It is desirable 
that the overcoat layer 36 has a thickness between 3 and 15 urn. When the overcoat layer 36 is thicker than 3 um, it 
is possible to suppress the occurrence of an error that may be generated when the print layer 37 is laminated on the 
overcoat layer 36. On the other hand, when the overcoat layer 36 is thinner than 15 urn, the internal stress does not 
become larger whereby the mechanical characteristic of the disk are unaffected. 

35 [0239] The hard-coat layer 38 may be formed by spin coating an ultraviolet-ray-cured resin. It is desirable that the 
hard-coat layer has a thickness between 2 and 6 um. When the hard-coat layer 38 is thicker than 2 um, it is possible 
to obtain sufficient friction damage-proof characteristic. When the hard-coat layer 38 is thinner than 6 um, the internal 
stress does not become larger whereby the mechanical characteristic of the disk are unaffected. The hard-coat layer 
38 should be harder to the extent that is not hurt when the layer is rubbed with cloth. For example, the hard-coat layer 

40 38 should be harder than H on the hardness scale for pencils. According to the need, it is effective to mix a conductive 
material into the layer to prevent a charging, thereby to prevent the layer from being adhered with dusts. 
[0240] In general, in the case of carrying out a multi-speed recording and a CAV recording, a low linear velocity 
becomes excessive recording power, and a high linear velocity becomes a shortage in the recording power Therefore, 
it is necessary to take balance between the recording linear velocity and the recording power. As a concrete method, 

45 it is possible to obtain high power when the recording is carried out at a high linear velocity. This is general as observed 
in a CD-R or the like. 

[0241] Fig. 15 is a diagram for explaining a recording pulse waveform. In the fourth embodiment, it has been found 
that it is effective to increase or decrease the duly ratio of a multi-pulse portion (hereinafter to be referred to as an mp 
portion) in Fig. 15 at a recording linear velocity. The duty ratio refers to a time of a power level b of a low-level pulse 
so in the mp portion divided by a time width of the mp portion. This information recording method has been particularly 
effective for an information recording medium thatuses Ge, Ga, Sb, anoTe as main components of the recording layer. 
This is because the thermal property of the recording layer that uses Ge, Ga, Sb, and Te as main components matches 
the recording pulse wave. 

[0242] Fig. 1 6 shows a recording waveform of a multi-speed recording at four times to ten times the recording velocity 
55 of a CD-RW as one example of the fourth embodiment. This example also corresponds to a CAV recording of an inner 
periphery 4.8 m/s and an outer periphery 12.0 m/s. In this example, a duty ratio of the mp portion is decreased by 
matching duty ratios 0.625, 0.5, and 0.375 of the mp portion and an increase in the recording linear velocity, at the 
recording linear velocities 4.8, 9.6, and 1 2.0 m/s respectively. At a low recording linear velocity of 4.8 m/s, it is possible 
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to decrease surplus thermal damage by making small a recording pulse in the mp portion, and it is possible to record 
a mark with small positional deviation of an edge by increasing a cooling time of the mp portion. On the other hand, at 
a high recording linear velocity of 12.0 m/s, it is possible to give as much energy as possible to a phase change of the 
recording layer 33, by making large the recording pulse of the mp portion. Further, because of a high speed, it is 
s possible to adjust a cooling condition of the recording layer even if the cooling time of the mp portion is short, and it is 
possible to record a mark without any positional deviation of an edge. 

[0243] In a phase change type optical information recording medium that involves melting and rapid cooling of the 
recording layer, it is possible to obtain a balance between the melting and the cooling of the recording layer when the 
duty of the mp portion of the recording pulse is near 0.5. This is advantageous for various signal qualities and the 
10 overwriting. 

[0244] Therefore, in considering a matching of the drive-medium, at what recording linear velocity the duty ratio 0.5 
of the mp portion is to be set in the multi-speed recording becomes an issue. In the fourth embodiment, it has become 
clear that a recording linear velocity at which the duty ratio of the mp portion becomes 0.5 is larger than (a minimum 
recording linear velocity + a maximum recording linear veloctty)/2 and equal to or less than the maximum recording 

15 linear velocity. A recording linear velocity that is often used in a drive that can achieve a multi-speed recording is a 
maximum recording linear velocity. In a CAV recording, a recording linear velocity becomes a high-speed recording at 
an outer periphery at which there is a targe influence to a mechanical characteristic of the disk. Accordingly, the signal 
quality of a high-speed recording becomes more important in the CAV recording as well. From the above, in order to 
carry out a recording with h igher reliability in practical application, it has been effective to set a recording pulse waveform 

20 having a duty ratio 0.5 of the mp portion with high reliability at a high-speed recording side. Further, it has been more 
effective that a recording linear velocity at which the duty ratio of the mp portion becomes 0.5 is larger than 0.55x (a 
minimum recording linear velocity + a maximum recording linear velocity) and less than the maximum recording linear 
velocity. 

[0245] Fig. 17 is a diagram for explaining an example of an apparatus for recording/reproducing information in the 

25 optical information recording medium according to the fourth embodiment of the invention. The optical information 
recording medium is driven to rotate with driving means consisting of the spindle motor, and a light source consisting 
of a semiconductor laser is driven with a laser driving circuit as light-source driving means. A laser beam having a duty 
ratio of the mp portion increased or decreased at a recording linear velocity shown in Fig. 16 is irradiated onto an 
opticaJ information recording medium via a not shown optical system from a semiconductor laser using a recording/ 

30 reproducingpick-up. Aphase change is generated on the recording layer of the optical information recording medium. 
A reflection beam from the optical information recording medium is received with the recording/reproducing pick-up, 
thereby to record/reproduce information onto/from the optical information recording medium. 
[0246] Optimum recording power of the recording/reproducing pick-up is set by a recording power setting circuit as 
a recording setting means. The apparatus for recording/reproducing information on/from the optical information re- 

35 cording medium generates a phase change in the recording layer of the optical information recording medium by 
irradiating a laser beam onto the optical information recording medium with the recording/reproducing pick-up, and 
carries out a recording/reproduction of information onto/from the optical information recording medium, and a rewriting 
of information. This recording/reproducing apparatus has recording means for recording information by modulating a 
signal to be recorded with a modulator, and recording this signal onto the optical information recording medium with 

40 the recording/reproducing pick-up. 

[0247] This recording means including this pick-up carries out a recording of information based on what is called a 
PWM recording system that records a mark to record a signal as a width of the mark onto a recording layer of the 
optical information recording medium. The recording means modulates the signal to be recorded with a modulator 
using a clock according to the EFM (Eight-to-Fourteen Modulation) system that is suitable for recording the information 

45 on a rewritable compact disk, or an improved modulation system of this system. 

[0248] At the time of carrying out a recording according to the PWM recording system, the recording means uses 
the following. A recording beam at the time of recording or rewriting a 0 signal having a signal width n x T after 
modulation (where n is a positive integer equal to or more than 1 , and T represents a clock time, that is a time corre- 
sponding to a period of a clock used for modulating a signal) is a continuous beam having a power level e, and a 

50 recording beam pulse string at the time of recording or rewriting a 1 signal having a signal width riT after modulation 
is a laser wave pulse string that has a pulse portion fp having a time width x and a power level a, a multi-pulse portion 
mp in which a low-level pulse of a power level b having a time width T in total and a high-level pulse having a power 
level c alternately appear and continue by (n - n*) times in total at a duty ratio y, and a pulse portion op having a time 
width z and a power level d, where x, y, and z are in relationships of T x 0.5 £ x £ T x 2.0, 0.125 <> y £ 0.875, and T 

55 x 0.1 25 <, y <, T, and n' is a positive integer such that n* £ n, and a&c>e>b&d. Fig. 1 6 shows a case where n' = 1 . 
[0249] The fourth embodiment will be explained in further detail based on an example. 

[0250] A polycarbonate substrate 31 of thickness 1 2 mm was used. Groove was formed on this substrate 31 . This 
grove had a width 0.5 um, and depth 35 nm. On this substrate 31 , following layers were laminated using the sputtering 
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method. That is, the first protection layer 32, recording layer 33, second protection layer 34, and the reflection layer 
35 were formed on the substrate 31 . The first and second protection layers 32 and 34 were made from ZnSSi0 2 . The 
first protection layer 32 has a thickness of 90 nm, and the second protection layer 34 has a thickness of 30 nm. The 
recording layer 33 was made from material having a composition shown in Table 1 8 to obtain Examples 61 to 66. The 
5 recording layer 33 had a thickness of 18 nm. The reflection layer 35 was made from an aluminum alloy. The reflection 
layer 6 had a thickness of 140 nm. 
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[0251 ] As a result, a laminate having a layer structure as follows was formed. That is, the substrate 31 (composition: 
polycarbonate), first protection layer 32 (composition: ZnSSi0 2 , thickness: 90 nm), recording layer 33 (composition: 
as shown in Table 18, thickness: 18 nm), second protection layer 34 (composition: ZnS Si0 2 , thickness: 30 nm), and 
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the reflection layer 35 (composition: A! alloy, thickness: 140 nm). Moreover, the overcoat layer 36 was formed on the 
reflection layer 35, and the hard coat layer 38 was formed on the other surface of the substrate 31 by spin coating an 
ultraviolet-ray-cured type resin to obtain a single-plate disk of the optical information recording medium. Finally, the 
print layer 37 was formed on the overcoat layer 36. 
5 [0252] Next, the entire surface of this optical information recording medium was crystallized using an initializing unit 
having a large diameter LD. 

[0253] The phase change type optical information recording medium obtained based on the above method has been 
recorded with information at a recording linear velocity described in examples 61 to 66, and in a pulse wave having a 
duty rate of the mp portion shown in Table 18. An optical recording apparatus used in this example is similar to that 

10 shown in Fig. 17. The optical recording apparatus used has a pick-up having a wavelength 780 nm, and NA 0.5. A 
recording signal used has been an EFM-moduiated input signal. As a result of reproducing at 1 .2 m/s signals that have 
been recorded at respective linear velocities, it has been possible to obtain satisfactory initial jitters of 22 ns, 20 ns, 
and 23 ns. After overwriting by 1 0,000 times at the respective recording linear velocities, it has been possible to obtain 
satisfactory jitters of 32 ns, 30 ns, and 33 ns. 

15 [0254] Further, a preservation test on the optical information recording medium was carried out by leaving the disk 
for 500 hours in an environment at a temperature 80 °C and humidity 85%. The optical information recording medium 
did not show any signs of oxidization of the recording layer 33 or a change in the signal characteristics. Thus, the 
optical information recording medium can be preserved with great satisfaction for a long time. 
[0255] As explained above, according to the present invention, it is possible to provide an optical information record- 

20 ing medium capable of recording at linear velocity that is higher than the even the maximum recording linear velocity 
of the optical information recording medium. 

[0256] Moreover, it is possible distinguish whether the optical information recording medium is according to the con- 
ventional technology or it is according to the present invention. Therefore, it is possible to provide an optical information 
recording medium capable of avoiding a recording on a conventional disk at a speed faster than a maximum recording 
25 linear velocity by error. 

[0257] Furthermore, it is possible to provide an optical information recording medium having good signal quality, 
excellent overwriting characteristic. Moreover, it is possible to provide an optical information recording medium that is 
very reliable and can be mass-produced efficiently. 

[0258] Furthermore, it is possible to provide an optical information recording medium capable of recording at a faster 
30 linear velocity than a maximum recording linear velocity, based on a fine adjustment of a currently-available general- 
purpose optical information recording apparatus. 

[0259] According to the method of recording/reproducing optical information according to the present invention, it is 
decided whether it is possible or not to record at a recording linear velocity higher than a maximum recording linear 
velocity, and recording is earned out at a recording linear velocity higher than a maximum recording linear velocity, 
35 only when it is decided that it is possible to do so. Therefore, it is possible to provide an optical information recording 
medium and an optical information recording/reproducing method having no recording error. 
[0260] Furthermore, it is possible to provide an optical information recording medium that is excellent in power margin 
and that has satisfactory repetitive recording characteristic, recording and erasing sensitivities, and preservation char- 
acteristic. Moreover, when manufacturing the optical information recording medium, it is possible to efficiently form a 
recording layer having desired characteristics. 

[0261] Furthermore, it is possible to obtain an optical information recording medium that is capable of recording/ 
erasing in a high linear velocity area (4.8 to 48m/s) byusingGe, Ga, Sb, and Te as main constituent elements of the 
optical information recording medium, and specifying a film thickness and a composition of a recording layer, and that 
is excellent in total characteristics including reproduction stability and the life of a signal. 

^5 [0262] Furthermore, it is possible to obtain an optical information recording medium with improved stability of repro- 
ducing a signal in a high-linear velocity area and improved life of a signal, by adding at least one element selected 
from a group consisting of In, Zn, Sn, Si, Pb, Co, Cr, Cu, Ag, Au, Pd, Pt, S, Se, Ta, Nb, V, Bi, Zr, Ti, Al, Mn, Mo, Rh, C, 
N, and O, to a recording layer that includes Ge, Ga, Sb, and Te as main constituent elements of the recording layer. 
[0263] Furthermore, it is possible to obtain an optical information recording medium that has high-linear velocity 

50 correspondence and preservation characteristic in good balance, by specifying a composition ratio of Ge to Ga. 

[0264] Furthermore, it is possible to obtain an optical information recording medium that has a reflectivity that is 
necessary for initialization and recording/erasing in a high linear velocity area, by specifying a composition ratio of Sb 
toTe. 

[0265] Furthermore, it is possible to obtain an optical information recording medium that can achieve a high-linear 
55 velocity recording based on a general-purpose recording strategy, by specifying a film thickness of each layer of the 
optical information recording medium and a composition of a recording layer, and by specifying a time width of fp and 
ep and a duty ratio of mp, in a recording wave pulse string for recording or rewriting a signal, at the time of recording 
information onto the optical information recording medium according to a PWM recording system. 
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[0266] Furthermore, it is possible to obtain an optica! information recording medium capable of achieving a multi- 
speed recording or a CAV recording, by increasing or decreasing a duty ratio y of a pulse portion mp at a recording 
linear velocity, in a recording wave pulse string for recording or rewriting a signal, at the time of recording information 
onto the optical information recording medium according to a PWM recording system. 

[0267] The present document incorporates by reference the entire contents of Japanese priority documents, 
2000-297364 filed in Japan on September 28, 2000, 2000-310536 filed in Japan on October 11 , 2000, 2000-367361 
filed in Japan on December 1 , 2000 and 2001-088516 filed in Japan on March 26, 2001 . 

[0268] Although the invention has been described with respect to a specific embodiment for a complete and clear 
disclosure, the appended claims are not to be thus limited but are to be construed as embodying all modifications and 
alternative constructions that may occur to one skilled in the art which fairly fall within the basic teaching herein set forth. 



Claims 

1. An optical information recording medium, at least storing information that indicates a standard recording linear 
velocity Vr and/or a maximum recording linear velocity Vh, said optical information recording medium comprising: 

a transparent substrate having a concentric circular guide groove or a spiral guide groove, said guide grove 
having land portions and groves portions; and 

at least a phase change type recording layer on said transparent substrate, 

when reflectivity of said optical information recording medium is measured, while irradiating energy on said 
guide groove such that the energy melts the material of said phase change type recording layer and while 
rotating said optical information recording medium and increasing a linear velocity of gradually, and when the 
linear velocity at which the reflectivity of said optical information recording medium decreases, in comparison 
to the state when the energy is not radiated, is defined as dislocation linear velocity V, then the dislocation 
linear velocity V satisfies a relation 

V > Vr x 0.85 

or 

V ;> Vh X 0.85. 

2. The optical information recording medium according to claim 1 , wherein the dislocation linear velocity V satisfies 
a relation 

Vr X 0.9 <; V £ Vr X 2.0 

or 

Vh X 0.9 <> V <, Vh X 2.0. 

3. The optical information recording medium according to claim 1 , wherein said optical information recording medium 
further stores information that indicates that said optical information recording medium satisfies the relation relating 
to the dislocation linear velocity V 

4. The optical information recording medium according to claim 1 , wherein at the time of crystallizing an entire surface 
of said phase change type recording layer, an initialization linear velocity Vi satisfies a relation 

Vr x 0.5£Vi£Vrx 1.6 

or 
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Vh X 0.5 £ Vis Vh X 1.6 

5. The optical information recording medium according to claim 1 , wherein a track pitch of said guide groove is be- 
5 tween 0.2 and 1 .4 um, and the dislocation linear velocity V is between 6 and 24 m/s. 

6. The optical information recording medium according to claim 1 , wherein when no data is recorded, the phase 
change type recording layer has a cubic lattice crystal structure. 

io 7. The optical information recording medium according to claim 1 , wherein said phase change type recording layer 
is made from a material that includes a material that satisfies the relation 

Sb x Te ioo- x 

15 

(where % is atomic percentage and 40 s % S 80). 

8. The optical information recording medium according to claim 7, wherein said phase change type recording layer 
has at least one element selected from a group consisting of Ga, Ge, Ag, In, Bi, C, N, O, Si, and S, as an additive 

20 element. 

9. The optical information recording medium according to claim 1 , wherein said phase change type recording layer 
is made of material that satisfies a relation 

25 (Ag,Ge) a (ln,Ga,Bi) p Sb T Te 6 , 

where (Ag, Ge) means at least one element selected fromAgandGe, (In, Ga, Bi) means at least one element 
selected from In, Ga, and Bi, a, p, y, and 5 represent atomic percentages and satisfy the relation 

30 

0.1 <, a <> 7, 



1 <> P £ 15, 



61 ^y^85, 

40 and 

20 £ 8 £ 30. 

45 10. The optical information recording medium according to claim 1 , wherein under recording conditions such that 

when n represents an integer equal to or higher than 1 , and T represents a clock time corresponding to a 
period of a dock used for modulating a signal, a recording beam at the time of recording or rewriting a 0 signal 
having a signal width n x T after modulation is a continuous beam having a power level e, 

so a pulse string of a recording beam at the time of recording or rewriting a 1 signal having a signal width n x T 

after modulation is a laser wave pulse string that has a pulse portion fp having a time width x and a power 
level a, a multi-pulse portion mp in which a low-level pulse of a power level b having a time width T in total 
and a high-level pulse having a power level c alternately appear and continue by (n - n 1 ) times in total at a duty 
ratio y, and a pulse portion ep having a time width z and a power level d, and 

55 the time width x, duty ratio y, and the time width z satisfy relations T x 0.125 £ x £ T x 2.0, 0.1 25 S y S 0.875, 

and T x 0.125 Sz ST, and the power levels a b, c, d, and e satisfy a relation a&c>e>b&d, then 
a first protection layer, said phase change type recording layer, a second protection layer, a reflection layer, 
and a resin layer are formed on said transparent substrate in such a manner that the thickness of each layer 
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makes it possible to record at a higher speed than the standard recording linear velocity Vr or the maximum 
recording linear velocity Vh. 

1 1 . The optical information recording medium according to claim 1 , wherein said optical information recording medium 
s has a multilayer structure with at least a first protection layer, said phase change type recording layer, a second 

protection layer, a third protection layer, a reflection layer, and a resin layer stacked in order on said transparent 
substrate. 

12. The optical information recording medium according to daim 11 , wherein a material constituting said third protection 
10 layer is formed by DC sputtering. 

1 3. The optical information recording medium according to claim 1 1 , wherein a material constituting said third protection 
layer includes at least one substance selected from a group consisting of C, Si, SiC, CiN, SiO, and SiOfc. 

15 14. The optical information recording medium according to claim 1, wherein a linear velocity when crystallizing an 
entire surface of said phase change type recording layer is slower than the dislocation linear velocity V. 

15. Amethod of recording/reproducing optical information, the method comprising the steps of: 

20 setting a phase change type of optical information recording medium to an optical information recording/re- 

producing apparatus, said optical information recording medium recording in advance specific information 
indicating that a dislocation linear velocity corresponding to said optical information recording medium satisfies 
a specific relation; 

reproducing the specific information from said optical information recording medium; 
25 deciding from the specific information, whether it is possible or not to record at a recording linear velocity 

higher than a maximum recording linear velocity of the optical information recording medium; and 
recording and reproducing at a recording linear velocity higher than the maximum recording linear velocity, 
when it is decided in the deciding step that it is possible to record at a higher recording linear velocity than the 
maximum recording linear velocity. 

30 

16. An apparatus for recording/reproducing optical information, the apparatus comprising: 

a specific information reproduction unit which reproduces a specific information from a phase change type of 
optical information recording medium, wherein said optical information recording medium recording in advance 
35 the specific information indicating that a dislocation linear velocity corresponding to said optical information 

recording medium satisfies a specific relation; 

a deciding unit which decides from the specific information, whether it is possible or not to record at a recording 
linear velocity higher than a maximum recording linear velocity of the optical information recording medium; and 
a data reproduction/recording unit which reproduces or records at a linear velocity higher than the maximum 
40 recording linear velocity, when said deciding unit decides that it is possible to record at a higher recording 

linear velocity than the maximum recording linear velocity. 

17. A phase change type optical information recording medium comprising a recording layer made from a phase 
change recording material that changes between an amorphous state and a crystalline state based on irradiation 

45 of an electromagnetic beam, wherein 

the phase change recording material includes at least one element selected from Ag, In, Sb, and Te, and a 
bond coordination number of the selected element/s is different between an amorphous state after a film 
formation and a crystalline state after an initialization and after an information erasing. 

so 

18. The optical information recording medium according to claim 17, wherein among the constituent elements of the 
phase change recording material, a bond coordination number of Ag and In with respect to Te in the crystalline 
state is larger than a bond coordination number of Ag and In with respect to Te in the amorphous state. 

55 19. The optical information recording medium according to claim 17, wherein among the constituent elements of the 
phase change recording material, a bond coordination number of Ag with respect to Te in the amorphous state is 
between 1 .5 and 2.5, and a bond coordination number of Ag with respect to Te in the crystalline state is between 
3.5 and 4.5. 
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20. The optical information recording medium according to claim 17, wherein among the constituent elements of the 
phase change recording material, a bond coordination number of In with respect to Te in the amorphous state is 
between 3.0 and 3.8, and a bond coordination number of In with respect to Te in the crystalline state is between 
3.4 and 4.2. 

5 

21. The optical information recording medium according to claim 17, wherein among the constituent elements of the 
phase change recording material, a bond coordination number of Sb with respect to Te in the crystalline state is 
smaller than a bond coordination number of Sb with respect to Te in the amorphous state. 

10 22. The optical information recording medium according to claim 21 , wherein among the constituent elements of the 
phase change recording material, a bond coordination number of Sb with respect to Te in the amorphous state is 
between 2.7 and 3.5, and a bond coordination number of Sb with respect to Te in the crystalline state is between 
2.0 and 2.8. 

is 23. The optical information recording medium according to claim 17, wherein the phase change recording material 
has an NaCI type structure in the crystalline state. 

24. The optical information recording medium according to claim 23, wherein among the constituent elements of the 
phase change recording material, CI site in the NaCI type structure occupied by Te has a large number of holes. 

20 

25. The optical information recording medium according to claim 24, wherein among the constituent elements of the 
phase change recording material, CI site the NaCI type structure to be occupied by Te has holes between 7/12 
and 9/12. 

25 26. A method of manufacturing a phase change type optical information recording medium, said optical information 
recording medium comprising a recording layer made from a phase change recording material that changes be- 
tween an amorphous state and a crystalline state based on irradiation, of an electromagnetic beam, wherein 

the phase change recording material includes at least one element selected from a group consisting of Ag, 
30 In, Sb, and Te, and a bond coordination number of the selected element/s is different between an amorphous 

state after a film formation and a crystalline state after an initialization and after an information erasing, and 
wherein said recording layer is formed with an electric power between 250 W and 850 W while raising a 
temperature of a substrate at a constant rate between 1 0 °C/min and 50 °C/min. 

35 27. An optical information recording medium comprising: 

a disk-shaped substrate; and 

at least a phase change type recording layer stacked on said substrate, wherein said phase change type 
recording layer is made from material which includes Ge, Ga, Sb, and Te, and when a, p, y, and 8 represent 
40 atomic percentages of Ge, Ga, Sb, and Te, and a + p + Y+ 8=100, then a, p, y, and 5 satisfy the relations 

0.1 <S a <S 7, 



1 * P * 9, 



61 <; y S 75, 

50 

22 ^ 8 ^ 30. 

28. The optical information recording medium according to claim 27, wherein said phase change type recording layer 
55 has been added with at least one element selected from a group consisting of In, Zn, Sn, Si, Pb, Co, Cr, Cu, Ag, 

Au, Pd, Pt, S, Se, Ta, Nb, V, Bi, Zr, Tl, Al, Mn, Mo, Rh, C, N, and O. 

29. The optical information recording medium according to claim 27, wherein a composition ratio of Ge and Ga is -8 
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30. The optical information recording medium according to claim 27, wherein a composition ratio of Sb and Te is y + 
6>88. 

5 

31. The optical information recording medium according to claim 27, wherein 

the optical information recording medium is applied with an information recording/reproducing method for re- 
cording, reproducing and rewriting information onto/from the optical information recording medium, by gener- 
io ating a phase change in a recording layer of the optical information recording medium based on irradiation of 

a laser beam onto the optical information recording medium, and 

it is made possible to execute a multi-speed recording and/or a CAV recording onto the optical information 
recording medium, based on an arrangement that 

in the case of recording information onto an information recording medium by modulating a signal according 
15 to a PWM recording system, a recording wave at the time of recording or rewriting a 0 signal having a signal 

width n x T, where T is a clock time, after modulation is a continuous beam having a power level e, and 
a recording wave pulse string at the time of recording or rewriting a 1 signal having a signal width nT after 
modulation is an electromagnetic wave pulse string that has a pulse portion fp having a time width x and a 
power level a, a multi-pulse portion mp in which a low-level pulse of a power level b having a time width T in 
20 total and a high-level pulse having a power level c alternately continue by (n - n") times in total at a duty ratio 

y, and a pulse portion op having a time width z and a power level d, where the time width x, duty ratio y, and 
the time width z satisfy relations T x 0.5 < x <, T x 2.0, 0.125 £ y £ 0.875, and T x 0.125 <, z £ T, where n 1 is 
a positive integer equal to or greater than n, and the power levels a b, c, d, and e satisfy a relation a & c £ e 
>b&d. 

25 

32. The optical information recording medium according to claim 31 , wherein a duty ratio of the pulse portion mp 
increases or decreases according to a recording linear velocity. 

30 
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FIG.3 
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FIG.16 
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FIG.19 
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